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1 ITIOSACHUTEJIBHAS 3AIINCKA

1.1 Heas aucuMmiauHbl: copMHUpoBaTh (GyHIAMEHTAIBHBIC 3HAHUS B PA3JIMYHBIX pa3-
nenax GU3MYecKoil XUMUHU (XUMHUYECKash TEPMOAMHAMUKA, (a30Bble, XUMHUUECKHUE U afcopOIIu-
OHHbIE PaBHOBECHS, YUEHHE O PaCTBOPAX, XMMHUECKAsi KUHETHKA, KaTaJIU3 U 3JIEKTPOXUMHUS).

1.2 MecTo aucuumiinHbl B cTpykType OOIT

Huctuiumna «®du3nyeckass XUMUS» OTHOCUTCS K JUCIHILIMHAM 00s3aTeNbHONW 4YacTh
PeIMETHO-METOAMYECKOr0 MOIYJIs 1Mo nmpoduitro «Xumus» 610ka b1 (51.0.08.05).

Jlnist ocBOCHUST AUCHUIUTMHBL «PU3nUecKas XuMus» 00ydyarolrecs: UCIOIb3YIOT 3HAHU S,
yMeHHUs, copMHUpPOBaHHBIE B XO/I€ U3YUCHHS] HEOPTaHUUECKON U aHAIUTUYECKONU XHUMHUH.

1.3 lucuun/juHa HanpapjeHa Ha (OPMUPOBaHMe cIeIyIOIUX KomneTeHuuii: YK-1,
OIIK-8, I1K-2:

-YK-1. CnocoGeH ocymecTBIsATh MOUCK, KPUTHUECKUI aHaIN3 U CHHTE3 MH(POpMaLUH,
MPUMEHATh CUCTEMHBIN MOAXO/ JIJIsl peLIEHUs TOCTABJICHHBIX 33/1a4, HHANKATOPAMM JIOCTHXKE-
HUsL KOTOPOU SABJISIETCS:

o VK-1.1 JleMoHCTpHpyeT 3HAHHE OCOOCHHOCTEH CHUCTEMHOI'O M KPUTHYECKOTO MBIILICHUS U
TOTOBHOCTH K HEMY.

e VYK-1.2 HaxoauT ¥ KpUTHYECKH aHAM3UPYeT HHPOPMAIHIO, HEOOXOUMYIO JUTS PEIICHHUS IO~
CTaBJICHHOH 3a1a4Mu.

e VYK-1.3 AprymeHTHpoBaHHO (pOpMHpYeT COOCTBEHHOE CYXXIEHHE W OLEHKY WH(pOpMAIUH,
IMPUHUMACT 000CHOBaHHOE peuicHuce.

- OIIK-8. CriocoOeH OCyIIeCTBIATh MEJarornyecKyro JIesTeIbHOCTh HA OCHOBE CIICIIH-
aJIbHBIX HAYYHbIX 3HAHUW, HHAUKATOPOM JTOCTH>KEHUSI KOTOPOH SIBISAETCSA:

e OIIK-8.3 /IeMOHCTpHpYyET ClELUAIbHbIE HAYYHBIE 3HAHUS, B TOM YHWCJIE B IPEIAMET-
HOU 00J1acTH.

- IIK-2. Cnoco0OeH OCYIIECTBIATh MEAArOTHYECKYI0 ACSITENbHOCTh MO MPOQPUILHBIM
npeaMeram (JUCUMILIMHAM, MOJYJISIM) B paMKax MporpaMM OCHOBHOT'O OOILEro U CpeaHEero o0-
11ero o0pa3oBaHusl, HHAMKATOPOM JOCTHKEHHS KOTOPOH SIBIISETCS:

o [IK-2.2 [IpumeHsieT OCHOBBI TeOpUU (PyHIaMEHTAJIBHBIX M TMPHUKIAIHBIX Pa3/IesioB
XUMHUH (HEOPTraHUYECKOM, aHATMTHYECKON, opraHudeckoi, gusndeckoid, xumun BMC, xumunue-
CKUX OCHOB OMOJIOTMUECKUX IMPOLECCOB, XMMUYECKON TEXHOJOIMH) JUIsl PELIeHHUs TeopeThde-
CKHX M NMPAKTUYECKUX 3a]1a4.

1.4 IlepedyeHnb MJIaHHPYEeMBIX pe3yabTaTOB 00y4eHHsl. B pesynbrare usydeHus nuc-
LUIUIMHBI CTYAEHT JOJKEH

- 3HATH:

® IIyTH NOUCKA MH(OPMAIMHU JUIS UCTIOJIb30BAaHUS OTYYEHHBIX TEOPETUYECKUX U MpaK-
TUYECKUX 3HAHUN B 00JaCTH (PU3NUECKON XUMUH;

® OCHOBBI MIOMCKA, KPUTUYECKOTO aHATN3a U CHUHTE3a UH(QOpPMAIINH, CUCTEMHOTO MOIXO0-
Jla JUI pelIeHns MOCTaBIEHHBIX 3a/1a4 B PAMKax JTUCIHUIIMHBI (PU3NYECcKask XUMUS;

® METOJbl M CHOcoO0bl 00paboTKM MH(pOpPMALUU PE3yIbTATOB XMMHUYECKOTO IKCIEepH-
MEHTa, PEe3yJIbTaTOB HAOIIOICHUN U U3MEPEHUI;

¢ UH(POPMAIMOHHbIE HCTOYHUKU CIIPABOYHOT'0, HAYYHOT0, HOPMAaTUBHOT'O XapaKTepa;

® OCHOBBI XUMHUYECKON TEPMOJANHAMUKH;

® XMMMUYECKYIO0 KNHETUKY U KaTallu3;

® OCHOBBI IJIEKTPOXUMHUH.

- YMeTb:

® [PUMEHATh U aHAJIM3UPOBATh OCHOBBI MOMCKA, KPUTHUECKOIO aHajIu3a U CUHTE3a WH-
dopmanuu, CUCTEMHOTO MTO/IX0/Ia JUI PELICHUs IOCTaBIEHHBIX 3a/1a4;

® COMOCTAaBISET pa3Hble UCTOYHUKH WH(POPMAILIUU C LENbIO BBIABICHHUS UX MPOTHUBOpE-
YU U IOUCKA TOCTOBEPHBIX CYKIICHUM;

® UHTEPIPETUPOBaTh (U3UKO-XMMHUECKHE CBOMCTBA BELIECTB HA OCHOBE MOJIYYEHHBIX
TEOPETUYECKUX 3HAHUU.
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® TPOBOIWTH CAMOCTOSITCIBHBIA MOUCK XUMHUECKOW HMH(DOPMAIIMU C HCIOJIH30BAHUEM
Pa3INYHBIX MCTOYHUKOB (HAyUHO-TIOMYJIIPHBIX M3AaHUH, KOMIBIOTEPHBIX 0a3 JaHHBIX, peCyp-
coB Internet).

- BJIAJIeTh:

e HaBBIKAMH aHAJIN3a, MPUMCHEHUS OCHOB IOMCKA, KPUTHUYECKOrO aHajlu3a M CHHTE3a
uH(pOpMAaIIMK, CHCTEMHOTO MOX0/1a JJIsl PEIICHHs TOCTABICHHBIX 3a/1a4 B PaMKaX TUCIUTLIAHBI
busznyecKas XUMHs;

e HaBbIKAMH TI'PAMOTHO, JIOTHYHO, apryMEHTUPOBAHHO (HOPMUPOBATH COOCTBCHHBIC
CYXIICHHS U OIICHKH;

e HaBBIKAMH JIeJIaTh 3aKJIIOYCHHUS W BBIBOJBI MO PE3yJIbTaTaM aHaIM3a JUTEPATYPHBIX
JTAHHBIX, COOCTBCHHBIX 3KCIIEPUMEHTAILHBIX U PACUCTHO-TCOPETHUYCCKUX PA0OT MO (HU3NUCCKOI
XHMUH;

® MPAKTUYCCKUMHU HaBBIKAMH SKCIIEPUMEHTAIBHON pabOTHI;

e METOJaMH PEIICHUS pacUCTHBIX 3aj1ay.

1.5 O6mas Tpya0eMKOCTh TUCHHUILIMHBI «DU3nyecKasi XMMHS» COCTaBIsAeT 4 3auerT-
Hbix equnull (nanee — 3E) (144 yacos).

[Iporpamma npenycMaTpuBaeT U3ydeHUE MaTeprala Ha JEKIUIX U JTa0OpaTOPHBIX 3aHs-
tusx. [Ipenycmorpena camocrtositenpHas paboTa CTy/I€HTOB IO TeMaM U pasnaeinam. [IpoBepka
3HAHWIA OCYIIECTBIIICTCS (PPOHTATBHO, HHIUBHTY AITHHO.

1.6 O6beM AUCHUILINHBI U BUABI Y4eOHOIi 1esITe IbHOCTH

O0beM THCHMILIMHBI M BUAbI Y4€0HOI 1eATeJTbHOCTH

Bun yueOHo# padoThl Bcero yacos Cemectp 5
OO0m1ast TpyA0€MKOCTh 144 5
KoHTtakTHas pabora 64
Jlexumn 26
JlaGopaTopHble paboThI 38
CamocrosiTenbHas padora 44
By ©TOr0BOTO KOHTPOJIA: 36 DKk3aMeH

2 YYEBHO-TEMATHUYECKOE IINIAHUPOBAHHUE

YueOHo-TeMaTHUyeckuii I1aH (ouHast popma 00yueHus )

AynutopHsele 3ausatus | CamocTos-
Bcero
Ne HaunmenoBanue Tem (pa3aesioB) JlabopaTop- | TeJbHasA
yacoB | Jlexkuun
HbI€ 3aHATHSA paﬁoTa
| |BBenenue B pu3nueCKyr0 XUMHIO 3 1 2
Il |{OcHOBBI XMMHYECKOH TEPMOIMHAMHUKH 47 7 22 18
1 |OcHOBHBIE TOHATUS XMMHYECKOH TepMo- 2 1 1
JTMHAMUKA
2 |TenmoeMkocTb. Teopuu TEII0EMKOCTH 2 1 1
3 |llepBbIii 3aKOH TEPMOIWHAMHUKH H €TO 2 1 1
NPUIIOKEHUE K Pa3IMYHBIM IpoIeccam.
Tepmoxumus
4 |Btopoit u TpeTuil 3aKOHBI T€PMOJAWHAMHU- 2 1 1
KH. DHTPOIHS
5 |Tepmonunamuveckue MOTEHIUANbBI (3HEp- 3 1 2
rus lenbmronsia u sHeprust ['u06ca).
XHAMHYECKUI TOTEHIHAI
6 |TepmMonuHamMMKa XHMHYECKOTO paBHOBE- 3 1 1
cHsl
7 |®da30oBble paBHOBECHS B T€TEPOr€HHBIX CH- 2 1 1
cTeMax




8 |OmpeneneHue HMHTErPAIBHOM — TEIUIOTHI 6 4 2
pacTBOPEHUS COJIU B BOJIC
9 |Omnpenenenue TEIIOTH HEUTPATH3AINH 6 4 2
10 |OmnpeneneHue TEIUIOTHI TUCCOIUAIIAN Clla- 6 4 2
00T0 3JEKTPOIUTA
11 |OmnpeneneHue KOHCTAHTHI PaBHOBECHS TO- 6 4 2
MOI€HHOW XMMHUYECKOW peakluu B pac-
TBOpE
12 |Tepmuueckuii aHamu3 CHUCTEMBI (HEHOJI- 8 6 2
Ha(TAINH
111 [PacTBOpBI 18 8 4 6
1 |TepmoauHamuka pacTBOPOB HEDJIEKTPOIIH- 3 2 1
TOB
2 |TepMonmHaMMKa JETYYUX KHUJIKHX CMECEH 3 2 1
3 |KomnmuratuBHBIE CBOICTBAa pa30aBIEHHBIX 6 4 2
pPacTBOPOB HEIJICKTPOIUTOB (paBHOBECHE B
CHCTEME JIETY4YHUl pacTBOPHUTENb - HEIETY-
4yee PaCTBOPEHHOE BEIIECTBO)
4 |OmnpeneneHre MOJSIPHOM Macchl PacTBO- 6 4 2
PEHHOTO BEUIECTBA METOJOM KPUOCKOITUU
IV [QaekTpoxumusi 18 6 4 8
1 |PacTBOpBI DIEKTPOIUTOB 2 1 1
2 |DneKTponpoBOJAHOCTH PACTBOPOB dJIEK- 2 1 1
TPOJIMTOB
3 |PaBHOBecuss B 3JIEKTPOXMMHUYECKHX CHU- 2 1 1
cTeMax
4 |Tunbl >7EKTPOAOB. DIJIEKTPOXUMHUYECKHE 3 1 2
nenu. [loreHnmomerpust
5 |HepaBHOBecHbIE 3JEKTPOJIHBIE MPOLECCHI. 2 1 1
OneKTponau3. DIEeKTPOXUMHUYECKass KHHE-
THKA
6 |Koppo3wus u 3amura METaioB 7 1 4 2
V | Xumuyeckasi KHHETHKA U KaTaJIn3 22 4 8 10
1 |BBeneHne B XUMHMUYECKYIO KHHETHUKY. 2 1 1
dopmanbpHas KHHETHKAa OJHOCTOPOHHUX
IIPOCTHIX PEaKLUi B 3aKPbIThIX CHCTEMaX
2 |Cnoxwusle peaknuu. llemHble W (POTOXH- 2 1 1
MHYECKHE PEaKIuu
3 |Teopun XUMHYECKOH KHHETHKH 2 1 1
4 | Xumundeckasi KHHETHKA 2 2
5 |Karamus 2 1 1
6 |OmnpeneneHue KOHCTAHTBI CKOPOCTH Peak- 6 4 2
UM OKHCIICHUS HOJ0BOJOPOJHON KHCIO-
ThI IEPOKCHIOM BOAOPOAA
7 |Karaauruueckoe BIMSIHUE HOHOB MEIU U 6 4 2
KeJe3a Ha CKOPOCTh OKHCIICHHUS HOJI0BO-
JOPOAHOM KUCIOTHI Nepcyb(haToM aMMO-
HUS
OK3aMeH 36
Hroro 144 26 38 44




HNHTepakTHBHOE 00yUeHHUE MO JUCHHUILIHHE

Ne HaumenoBanue TeM (pa3aeioB) Bun dopma Koa-Bo
3aHs- HHTEPAKTUBHOIQ 4acoB
THS 3aHATHA

1. | TemoemkocTb. Teopun TEIIIOEMKOCTH JIK Jlekuusi-KOHCYJIbTaLMS 2

2. | OCHOBHBIE TIOHATHUS XUMHUYECKOH TEPMO- JIK Jlekuusi-KkoHCyIbTalUS 2
JUHAMUKHA

3. | Ompenenenrie WHTETPAIbHOW  TETUIOTHI JIb PaboTa B manbIx rpynmnax 2
PAcTBOPEHHMSI COJIU B BOJIE

4. | TepMonUHAMHKa pPacTBOPOB HEIJIEKTPO- JIK Jlekuusi-KkoHCyIbTALUS 2
JINTOB

5. | KomuraruBable CBOWMCTBa pa30aBIieH- JIK Jleknus ¢ ommrOKamMu 2

HBIX PacTBOPOB HEIIEKTPOIUTOB (PaBHO-
BECHE B CHCTEME JIETYYHil pacTBOPUTEIb
- HEJIETY4ee PaCTBOPEHHOE BEIIECTBO)

6. | PacTBOpBI 3JEKTPOIUTOB JIK | Buneokondepenuus 2
7. | 1.4 Tumsl >5MeKTPOAOB. DIEKTPOXUMHU- JIK Case-study (aHamu3 KOH- 2
yeckue nend. [loreHnuomerpus KPETHBIX TPaKTHYECKUX
CUTYyalNi
8. | Koppo3sus u 3amuTa MEeTaJIoB JIb Pabota B ManbIX rpynnax 2
9. | OmpeneneHue KOHCTAHTHI CKOPOCTU pe- JIb Pabota B ManbIx rpynmnax 2

AKIIMM OKMCJIICHUA HOI{OBOI[OpOI{HOﬁ KucC-
JIOTBI IICPOKCHUIOM BOOAOPOaa

10. | KaTanutrueckoe BIMSHUE HOHOB MEIH U JIb PaGora B ManbIx rpynmnax 2
JKeJe3a Ha CKOPOCTh OKHUCIIEHHS MOJI0BO-
JIOPOJIHOM KHCIIOTHI TIepcynb(aToM am-
MOHMSI

UTOIo 20

3 COAEP)KAHUE TEM (PA3/IEJIOB)

| BBenenue B pu3nyeckyo XuMuIo

[Ipenmert, meTon u coaepxkanue GuU3NIECKON XuMun. MecTo GU3NYECKON XUMHUU B €CTe-
CcTBO3HaHUH. DHU3NUECKast XUMHUSI KaK TeopeTHdecKkasi OCHOBa XUMUHU. OCHOBHBIE ATaIlbl pa3BU-
Tus (pu3nueckoil XuMuu. Pollb pycCKUX YUYEHBIX B pa3BUTHH (pusmdeckod xumuu. Bxman 3apy-
OCXXHBIX YUEHBIX B Pa3pabOTKy TEOPHH DJICKTPOXUMHUHU, XUMHUYECKON TEPMOJIUHAMUKHU, PACTBO-
poB, katanu3a. CoBpeMeHHOe cocTosiHUe (hu3nueckoit XxuMuu. Poib pusnueckoit XuMuu B MOJ-
TOTOBKE YUHTEJSI XUMUHU ¥ OMOJIOTHH.

Ponb u MecTo (hu3nUeckoit U KOJJIOUIHOW XUMHU B OOYYEHHH XUMHH B COOTBETCTBHH C
tpedoBanusimu GI'OC OO.

Il OcHoBBI XUMHUYECKOH TEPMOAUHAMUKH

[Ipeamer m MeTON XWMHUYECKOW TEPMOJMHAMHKH. DTalbl Pa3BUTHUS TEPMOIMHAMHUKH.
OcCHOBHBIE TIOHATHUS: CUCTEMBI U HX KJacCU(HKAIUS, COCTOSHUE U KIacCU(UKAIIHS MPOILIECCOB.
®dopmMbl 0OMEHa YHEPTUEH CUCTEMBI C OKPYIKAIOIIEH Cpeloi: TemioTa u padboTa. YpaBHEHHE CO-
CTOSIHUSI UJeallbHOTO Ta3a. OCHOBHOE ypaBHEHHE KMHETHUECKOH Teopuu ra3os. Pabora pacmiu-
peHus uaeanbHOro raza. MakcumanbHas padota. TermmoeMKoCTh, BUBI TEIUIOEMKOCTH. Teopun
TEMJIOEMKOCTH T'a30B U TBEP/IBIX BEIIECTB. 3aBUCUMOCTb TEINIOEMKOCTH OT TEMIIEPATYPHI.

[TepBoIii 3aKk0H TepMOoaAMHAMUKU. MaTemMaTHdecKue COOTHOILIEHHMS, CBSI3bIBAIOIIME Mapa-
METPBI COCTOSHUSL. DKBUBAJICHTHOCTh TEIJIOTHI U paboThl. DopMynupoBKHU | 3aK0HA TEpMOIH-
HaMUKHU M UX MaTeMaTHYEeCKHEe BhIpakeHUs. BHyTpeHHss sHeprus cucremsl. [Ipunoxenne | 3a-
KOHA TEPMOJMHAMUKH K U30TEPMUUYECKUM, U30XOPHBIM, H300apHBIM MpolieccaM. DHTAIBIINS CU-
cTeMbl. ATnabaTUYECKHM MpoIiecc.

[Tpunoxxenue | 3akoHa TEPMOIUHAMHUKUA K XUMHUYECKHUM U OHMOJIOTMYECKUM IPOIIECCaM.
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3akoH I'. U. I'ecca u cneactBus u3 Hero. TepMoxumusi. TepMOXUMHYECKHUE YPaBHEHUS. DHTANb-
s (a3oBBIX MpEBpalleHU, 00pa3oBaHus, CrOpaHus, pacTBOpeHus. Pacuer temioBsix 3¢ dek-
TOB pEaKkLUd, SHEPTUU CBS3H, KPUCTAUIMYECKON PEIIETKH, TWApaTauuu, nonusauuu. Kanopu-
MeTpHUs. 3aBUCHMOCTb U3MEHEHUS SHTAJIBINN XMMHUECKON peakluu OT TeMIeparypbl. 3akoH P.
Kupxroda.

Bropoi1 3akon TepmoauHaMuKu. POPMYIMPOBKU BTOPOTO 3aKOHA TEPMOJAMHAMHUKH, €TO
sHauenue. [ukn C. KapHo n MakcumManbHbIi KO3QGUIUEHT 1mojie3Horo aeictus. O0paTumMblie U
HeoOpaTUMbIE IPOLECCHl. DHTPOIUSA U BEPOSTHOCTb. TepMOoauMHAMHUYECKas M CTaTUCTUYECKast
UHTEpIpeTalys SHTPONUU. YpaBHeHUE boibiMaHa. YpaBHEHHUs, OObEIUHSIOIIME IMEPBBIA U
BTOPOi1 3aKOHBI TEPMOAMHAMMKY. 3aBUCUMOCTb SHTPOIIMH OT apaMeTPOB COCTOSIHUSA. DHTPOIIUS
cMelleHMs Ta30B. M3MeHeHne sHTponuu B HeOOpaTUMBIX Ipoleccax. Pacuer usmMeHeHus: SHTpo-
UM [T PA3IMYHBIX TPOLIECCOB. DHTPONHUS U HUH(OPMAITHSL.

Tperuii 3akoH TepMoanHaAMUKU. DOPMYIIUPOBKU U CTATUCTUYECKOE OOOCHOBAHUE TPETh-
€ro Hayvaja TepMOAWHAMHUKHU. HemocTHXuMOCTh abCONMIOTHOTO HyJS Temreparypsl. CieacTBust
U3 TPEThEro Havajla TepMoAuHaMuKH. TemsoBas Teopema HepHcta. AGCONIOTHBIE 3HTPOIMH.
Pacuer abcomoTHBIX 3HTpONHiA. VI3MeHeHnEe SHTPOITUH TPU H3MEHEHUH 00beMa CHCTEMBI U TEM-
nepaTypbl, YUCIIa YACTULL, IIPU (a30BbIX IPEBPALLICHUSIX.

Oneprusa ['nb6ca u sueprus ['enbmronsua. Kpurepuu paBHOBeCHs M HalpaBICHHOCTH
CaMOIIPOMU3BOJIBHBIX NPo1eccoB. DU3NUECKUNA CMBICT TEPMOANHAMUYECKHUX ITOTECHIUANIOB, 3aBH-
CUMOCTb UX OT IapaMeTPOB COCTOSIHUA. MakcumalibHas paboTa mpouecca U XMMHUYECKOE CpO/I-
cTBO. Pacuer n3meHenus crangaptHoi sHepruu ['mO6ca U KOHCTaHTHI PABHOBECHS C MOMOLIbIO
¢byHKIMM puBeAeHHOM YHEepTrUn [ nbOCa.

TepMonrHaMuKa CUCTEM C IIEPEMEHHBIM YHMCIOM 4acThll. PacueT HanpaBJIEHHOCTH XH-
MHUYECKHUX Mpo1eccoB. OTKPBITbIE CUCTEMbI. XUMHUECKUN noTeHIHal. CBs3b XUMUYECKHUX I10-
TEHIMAJIOB C TEPMOJMHAMMUYECKUMHU NoTeHuuanaMu. dopMyssl 17 pacyeTa XUMUYECKUX IIO-
TeHuanoB. OyHAaMeHTalIbHbIE YPAaBHEHUS XUMHUYECKON TepMoauHamMuKu. O MpUMEHEHUU 3a-
KOHOB TEPMOJIMHAMUKH K OMOJIOTMYECKHM CUCTEMaM.

TepMmoanHaMHuKa XMMHYECKOTO paBHOBECHUA. TepMOIMHAMHUYECKHUI BBIBOJ 3aKOHA JEH-
CTBYIOIIIMX MAacC ISl COCTOSIHUS XMMHUYECKOro paBHOBecHs. (DHU3MUECKHH CMBICT KOHCTAHTHI
XUMHYECKOro paBHOBecus. OCHOBHbIE NMPU3HAKU COCTOSHUS XMMHUYECKOro paBHOBecus. B3au-
MOCBSI3b MEXJly KOHCTAaHTaMH XMMHYECKOTO PAaBHOBECHS. YPaBHEHUE M30TEPMbI XMMHUYECKOMN
peakuuu. CMelleHre XUMHUYECKOrO PaBHOBECHA. YPAaBHEHMSI M30XOpBI, U300apbl XUMHUYECKON
peakuuy, ypaBHEHHE 3aBUCUMOCTH KOHCTaHTBI PaBHOBECHsI OT JaBJICHUsA. BiusHue n3MeHeHus
KOHIIEHTpAlluu Ha CMelleHue paBHoBecus. OmnpeneneHrne paBHOBECHBIX BBIXOJIOB BEIIECTB 10
KOHCTaHTE PaBHOBECHSI.

Tepmoaunamuka (a30BbIX PABHOBECUM B T€TEPOTE€HHBIX CUCTEMAaX. Y CIIOBHSI PAaBHOBECHS
mexay azamu, dazossie paBHoBecus | u |l poxa. Knaccudukanus rereporennsix cuctem. Ipa-
B0 ¢a3 ['m66ca. [laBnenue mapa TBEpAbIX U )KUIKUX Tel. YpaBHeHue Knaneiipona-Knaysuyca.
[Tpumenenue npaBmia (a3 ['m66ca k 01HO-, TBYXKOMIIOHEHTHBIM cHcTeMaM. Jluarpammel co-
CTaB-TeMIlepaTypa KpHUCTaJUIM3allMM, COCTaB-TEMIIEpaTypa MCHApeHUs JBYXKOMIIOHEHTHOH CH-
crembl. Tepmuueckuit ananus. Pa6orer H. C. Kypnakosa.

111 PacTBOpBI

PactBopsl 1 ux xapaktepuctuka. [Ipomeccs! conpBaTanuu. CUIbHBIE U ClIa0bIE JIEKTPO-
mutsl. Teopus Appenunyca. Teopust CUIBHBIX AJIEKTPOIUTOB. Criabble 3JEKTPOJIUTHL. 3aKOH pa3-
6asnenust OcTBayIb/A.

WneanbHble, npenenbHO pa30aBieHHbIE U HEWI€adbHbIe pacTBOPHI. JlaBlieHre HACHIIIEH-
HOIO Tapa KOMIIOHEHTa HaJ pacTBOpoM. YpaBHeHue Payns m I'enpu. PactBopumocTh ra3zos.
PacTBoprMocCTh TBepbIX BellecTB. Pacnipeaenenue pacTBOPEHHOTO BellecTBa MEXKIY JIByMS He-
CMEIINBAIOIIUMHUCS PACTBOPUTEIAMU. DKCTPAKLUS.

TepmoanHaMuKa pacTBOPOB XKUAKKUX JeTyunX BemecTB. 3akoHsl [1. I1. KonoBanona. Jle-
Ty4l€ CMECU C HEOTPAaHMYEHHO CMEIINBAIOINUMUCS KUAKOCTAMU. MieanbHble JeTyune CMECH.
Ileperonka neTy4ux >KuAKux cmece. OrpaHM4EeHHO PACTBOPUMBIE U MPAKTHYECKU B3aUMHO He-



pPacTBOPHUMBIE JIETYYHE CMECH.

KomuratuBable cBOICTBa pacTBOPOB HEAIEKTPOJIUTOB: NOHWKEHUE JABJICHUS HACHI-
LIEHHOT'O I1apa pacTBOPUTENS HAJ PACTBOPOM, ITOHMKEHUE TEMIIEpaTyphbl 3aMep3aHus U MOBBI-
nieHue temnepatypsl kunenus. Kpuockomus. D0ymuockomnus. Juddys3us u ocMoc. DnekTpo-
MIPOBOJIHOCTH pacTBopoB. pH u Oydepurpie pactBopsl. 3akonbl Payns u Bant-I'odda. 3nauenue
KOJIJTUTaTHBHBIX CBOWCTB pacTBOPOB. Poiib ocMoca B OMOIOTHYECKHX MPOLIeccax.

1V DaekTpoxumus

OTKJIOHEHUS B KOJUIMTaTUBHBIX CBOMCTBaX pacCTBOPOB AJIEKTPOJIUTOB OT CBOWCTB PacTBO-
POB HEINEKTPOIUTOB. M30TOHNYECKU KOOPIUIIMEHT, €ro CBA3b CO CTEHEHBIO AIEKTPOIUTHYE-
CKOM mucconuanuu. 3akoH pa36asneHus OctBayibia. [IpyuuHBI M MEXaHU3M 3JIEKTPOJIUTHYEC-
CKOM JUCCOLIMAINH.

TepMonnHaMuyeckast U JIEKTPOCTaTUYECKAs! TEOPHUS PACTBOPOB AIEKTPOIUTOB. CpenHuii
KOA(p(UIMEHT aKTUBHOCTH CHJIBLHOTO 3JIeKTposiuTa. OCHOBHBIE MOHATHUS 3JIEKTPOCTATHYECKOM
TEOPUHU PACTBOPOB CHIILHBIX JIeKTposuToB Jlebas u Xrokkens. Pacuer ko3 pUIIMEHTOB aKTHB-
HOCTH.

DNEeKTPONPOBOAHOCTh PACTBOPOB 3JIEKTPOJIMTOB. YI€/IbHAS M SKBUBAJICHTHAS 3JIEKTPO-
MIPOBOJIHOCTh, 3aBUCUMOCTh UX OT KOHILIEHTPAllUH, TEMIEPATyphl, AaBICHUS U MPUPOJBI dJICK-
Tposiuta. Teopus 3JIEKTPOJUTUUECKONW MPOBOAUMOCTH pacTBOpoB [lebas-Onzarepa. AHomanb-
HbIE MOJABUKHOCTH MOHOB. MeTol M3MepeHus 3JIEKTPOIPOBOJIHOCTU U ero npuMmeHenue. Kon-
nykromerpus. [IoABHKHOCTD M 4MCIIa IIEpEHOCa MOHOB. MeXaHu3M 3JEKTPONPOBOJHOCTH BOJ-
HBIX PACTBOPOB KHUCJIOT U IIEJIOYEH.

PaBHOBecHbIE aseKTpoAHBIE Mpolecchl. OmnpeneneHue 3JIEKTPOXUMHUECKUX CHCTEM.
DIIEKTPO, SIEKTPOAHBIA MOTEHIMAI, FJEKTPOABIKYLIAs CUJIA SJIEKTPOXUMHUYECKOM LIeTH.

PaBHOBecus1 MeTaI-pacTBOpP, PacTBOP-PAcTBOp, MeTaI-MeTaul. Mexdas3Hble MOTEeHIH-
anbl (ragpbBaHU-TIOTeHIMANBI). COOTHOILIIEHHE MEXTy U3MeHeHueM sHeprun ['nb6ca u 3mekTpo/i-
HBIM MOTEHIMAJIOM 3JIEKTPOXUMHUYECKON cHucTeMbl. YpaBHeHHe HepHcTa nis pacuera BelIUYUH
ANEKTPOJIHBIX MOTEeHUHANOB. CTaHAAPTHBIM NMOTEHIMAN 3JeKTpoAa. BomopoaHas mikana cTaH-
JAPTHBIX IEKTPOJIHBIX MOTEHIIUAJIOB.

Tunel  37I€KTPOAOB. NEKTPOABI MEPBOTO W BTOpOoro poja. OKHUCIUTENBHO-
BOCCTAHOBUTEJbHBIE JJIEKTPOABL. ['a30BbIe AnekTpoabl. MoHOcenekTuBHbIE 3neKkTpoasl. [Ipume-
HEHUE Pa3IUYHBIX THUIIOB 3JIEKTPOJOB.

lanpBanmyeckue snemenThl. Kinaccudukaims ralbBaHUYECKUX AJIEMEHTOB. TepMoanHa-
MHKa rajbBaHMUYECKOr0 3jeMeHTa. Xumudeckue uenu. Konuentpanuonsusie nenu. Ilorenmnmo-
MeTpusd. [loTeHIIMOMeTprUecKOe ONpPEeIeHNE CTaHJAPTHBIX TEPMOJMHAMUYECKUX (QYHKIMH U
KOHCTAHTBI PAaBHOBECHS AJIEKTPOXMUMHUECKUX PEaKIUi, cpeHero KodQuiueHTa akTMBHOCTH U
AKTUBHOCTH JJIEKTPOJINTA.

HepaBHOBecHBIE 2iIeKTpOAHBIE TIpoLEcChl. 3aKoHbl Dapanes. DIEKTPOXUMUYECKUE IKBU-
BaJIeHThI. BrIxox BemecTBa 1o Toky. CKOpPOCTh JIEKTPOXUMHYECKHUX IporeccoB. omsapusanus
JIEKTPOJIOB MIPH MPOXOXKIEHUU NIEKTPUIECKOTO TOKA. 3aBUCUMOCTh CKOPOCTH JIEKTPOIHOM pe-
aKIMM OT MOTEHIHaa 31eKkTpoaa. IlepeHanpspkeHne 31eKTPOXUMHUUYECKOW PEaKLUK U IepeHa-
npsbkeHue KoHleHTtpauuu. Hanpsbkenue pasnoxkenus. [lepenanpsikeHre BOCCTAaHOBIIEHUS BOJIO-
ponHbIX MOHOB. YpaBHeHue Tadens. [lpenensusiit Tok nuddysuu. Ionsporpadus. OcodeHnHo-
CTH BJIEKTPOJIU3a BOJHBIX PACTBOPOB U PACILIABOB 3JIEKTPOIUTOB.

XuMudeckasi U 3JIEKTPOXUMHUYECKasi KOPPO3Usl METAJIIOB U METO/bl 00pbObI ¢ Hel. [lac-
CHUBHOCTh METAJIJIOB. IHTHOUTOPBI KOPPO3UU. 3aIuTa OT KOPPO3UH.

V XuMnuyeckasi KHHeTHKA U KaTaJIu3

[Ipeamer u mMeTon XxUMHYECKOW KMHETHUKU. OCHOBHBIE MOHATUSA. Mepa CKOPOCTH peak-
. 3aKOH NIEUCTBUSI Macc. MOJIEKYJISIPHOCTh M MOPSIAOK peakuuil. OnpeaeneHue nopsiaka u
KOHCTaHTBl CKOpOCTU peakuuu. CioxHble peakunu. KuHeTuka peakuuii B ra3oBoM IOTOKE.
Bnusinue TeMneparypbl Ha CKOPOCTh peakiuu. Teopus akTUBHBIX CTOJKHOBEHUM. Teopus nepe-
XOJIHOTO COCTOSTHUS. Teopus abCOIIOTHRIX CKOPOCTEH peakLuid.
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ennpie peaknun. Teopusi pa3BETBICHHBIX LEMHBIX peakiuii. PaboTel akamemuka H. H.
CemenoBa 1 10. D. Xaputona B 001acTu TEOpUU TOPEHHSI U B3PHIBA.

DOTOXMMUYECKUE PEAKIMU. 3aKOH SKBHBAJICHTHOCTU. J[pyrue 3akoHbl (HOTOXUMHH.
KBanToBbI# BbIX0/. 3HaueHNE (POTOXMMHYECKUX PEeaKuii B OMOJIOTHH.

Kartanus. 'omorennsiii katanu3. OcHOBHbIE NMOHATHS. [[pUUMHBI KaTaTUTUYECKOTO JICH-
cTBUs. MexaHnu3M TOMOIeHHOro kKaranu3a. KrciaoTHO-OCHOBHOM KaTainu3. I'OoMOreHHEBIe KaTajlu-
3atopsl. [Ipoduias myTH roMOreHHOM KaTaTuTHYSCKON peaKIny.

I'ereporennsiii karanu3. MexaHU3M TeTEPOTCHHOTO Karanu3a. [Ipodwuib myTH rerepo-
TEHHOW KaTaJuTU4YeCKo peakuuu. KuHeTnka reTeporeHHoro karajiusa. Teopuu reTeporeHHOoro
KaTajiu3a. 3JHaYeHUE KaTATMTUYECKUX PEaKIUu.

4 METOJAUYECKHUE PEKOMEHJALIMU (YKA3AHUA) AJISA CTYJAEHTOB
IO N3YYEHUIO JUCIUITJIMHBbI

PaGouas mporpaMMa npu3BaHa MmoMoub CTyJI€HTaM B OpraHU3alliu CaMOCTOSITENbHOI pa-
00ThI 0 OCBOEHHUIO NTUCHUIUIMHBI «Du3nueckas xumusy. duznueckas XUMHs SBISETCS Teope-
TUYECKOM OCHOBOM XHMMHH, T. K. XUMUYECKUE PEaKLUU CBS3aHBI C Pa3HOOOpa3HbIMU (hu3nye-
CKMMH IIPOLIECCAMHU: TEIUIONEPeaadei, OTIOMEHUEM WIH BBIIEICHUEM TEIIOTHI, IIOTJIOIEHUEM
WIHM U3ITy4eHHUEM CBETa, ANEKTPUUYECKUMU SBICHUSIMH, U3MEHEHHEM o0bema U T. 1. Heobxomu-
MOCTb 3HaHMS (PU3NYECKOW XUMHHM OOYCJOBIMBAETCS BCE YBEIMYMBAIOLIMMCS 3HAUEHHUEM OT-
JIeIbHBIX €€ Pa3/eIioB.

Pexomenpanuu:

- Tepel OdepedHON IeKIHel HEeoOXOAMMO IMPOCMOTPETh MO KOHCIEKTY MarepHal
npenpinymei aekuuu. [pu 3aTpyqHeHUsIX B BOCIIPUSATUN MaTepuaia Hajllo o0paTUThCsl K OCHOB-
HBIM JIUTepaTypHBIM MCTOYHUKaM. Ecnu pa3o0parbes B MaTepuase OmsiTh HE yAaloch, 00paTH-
TECh K MPETIOAAaBATEIO M0 TPpadUKy €ro KOHCYJIbTAUN MIIM Ha TPAKTUYSCKUX 3aHITUSAX;

- 00paTuTh 0c000€ BHUMaHHE Ha (PU3UYECKYIO CYIIHOCTh U Irpaduyeckoe COMpoBOXKIE-
HUE€ OCHOBHBIX PACCMaTPHUBAEMBIX TEOPETHUECKHUX ITOJOKEHHMN.

- Ha 3aHATUSA HOCUTh PEKOMEHIOBAHHYIO IIPETIOIAaBATEIIEM JIUTEPATYPY;

- 00s13aTEJIbHO UMETh COOCTBEHHBIN MHKEHEPHBIN KaJIbKYJISATOP;

- 10 OYEPEAHOT0 MPAKTUYECKOT0 3aHATHUS MO0 KOHCIEKTY (WK JUTeparype) npopaboTarhb
TEOPETUYECKUN MAaTEpHal, COOTBETCTBYIOIINI TEME 3aHATHS;

- B HayaJle 3aHATUH 3a4aTh IIPENOAABATEINI0 BOIPOCH 10 MaTepHually, BbI3BAaBIIEMY 3a-
TPYIHEHHMS B €ro IOHMMAaHUK U OCBOCHHH IIPU PELICHUH 33/]1a4, 3aJaHHBIX JUIsI CAMOCTOSATEIIBHO-
IO peUICHUS;

- IMETh IIpU cebe KOHCIEKT JIeKIHil;

- PEILIEHKE 3a/1a4 BCET1a HAUMHATH C BBIPAXKEHUS, IT03BOJIAIOLIETO MTOIYYUTh KOHECUHBIN
pe3ynbTar, a 3aTeéM HaxOUTh HEOOXOAMMbIE KOMIIOHEHTHI JUI €r0 MOJyUeHUs;

- Ha 3aHATUU JOBOJUTH KAXKAYIO 33/1a4y 10 OKOHYATEIbHOI'O PEILIECHMUs], B ClIydae 3aTpyd-
HEHUIl 00paaThCs K Mpeno/iaBarenio;

- BCE pacyeTHbIC BEIMYUHBI JOJDKHBI UMETh COOTBETCTBYIOIIYIO Pa3MEPHOCTh, a Gopma
3allCH PAcyeTOB JOJKHA UMETh BUJ — CHMBOJIBI, YKCia, pe3ynbTaT. Takas gopma 3amucu mo-
MOYKET OBICTPO 0OHAPYKUTh HETOUHOCTh B pacueTax  MOJIyUYUTh NPaBUIIBHBIN pe3ybTarT.

Y4eOHo-MeTOoAMYECKOE 00ecIeYeHHe CAMOCTOATEIbHOM padoThl CTYAEHTOB IO JMCUHUILIHHE

KoanuyecTBO Yacos,
B COOTBETCTBHH C

HaumenoBanmue .
Ne ®opMbI/BHIBI CAMOCTOSITEIbHON Pad0THI yueGHo-
pa3}1eﬂa (TeMbl) TEMAaTHYECCKUM
IJIAHOM
|. | BBenenue B pu- | MI3yueHue OCHOBHOM JIUTEPATypbl 2

3UYECKYI0 XUMUIO | M3yueHue NONOIHUTENbHON INTEPaTyphl
KoHcnekTupoBaHue N3y4EeHHBIX HCTOYHUKOB

Il. | OcHoBBl xummue- | MI3ydeHne OCHOBHOM JIUTEpATypPhI 18
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CKOM  TepMOau-
HaMHKHU

N3ydeHne NONOIHUTEBHON JINTEPATYPBI
KoHcnektupoBaHue n3y4eHHbBIX HCTOYHUKOB
Odopmnenue nabopatopHoii paboThHI
ITonroroBka otuera no aboparopHoii padore
Pewrenne pacueTHsIX 3a1a4

[TonroroBka pedeparon

I11. | PacTBOpHI N3ydyeHne 0CHOBHOI JINTEPATYPBI 6
N3yyenue nonomHUTEILHON IUTEPATYPhI
KoHcrniekTnpoBaHue N3y4eHHBIX HCTOYHUKOB
Odopmierue 1abopaTopHO padOTHI
[TonroroBka otyera mo abopaTopHoii padore
Pemenue pacueTHsIX 3a7a4
[ToaroroBka pedeparon
V. | DnekTpoxumus N3yueHnne 0CHOBHOI IUTEpaTyphl 8
W3ydenue 1OMOIHUTENHLHON JINTEPATY P
KoHcnexktupoBaHue n3y4eHHbBIX HCTOYHUKOB
Odopmnenue madbopaTopHoil pabOTHI
[ToaroroBka oTuera no adbopaTopHOil paboTe
PewreHne pacueTHbIX 3a1a4
V. | Xumudeckass Ku- | 3yueHne OoCHOBHOM JIUTEPATYPhI 10
HEeTHKa U KaTanu3 | V3ydeHue MOmoIHUTETbHON JINTepaTyphl
KoHcnexktupoBanye n3y4eHHbIX HCTOYHUKOB
Odopmnenue madbopatopHoi pabOTHI
[ToaroroBka oTuera no abopaTopHO padboTe
Pemenne pacueTHsIxX 3a1a4
[TonroroBka pedeparon
UTOTrO 44
5 IPAKTUKYM IO JUCHUIITINHE
Ilnan 1aGopaTopHBIX padoT Mo AucHUILINHE «DU3HYecKass XUMHUS»
Kon-BO
Ne Tema Bun pabotsr
4acoB
1 | Onpenenenue MHTErpaIbHON TEIJIOTH pacTBopeHus | JlaboparopHas padota 4
COJIM B BOJIE
2 | OnpeneneHue TEIIOTH HEUTPATU3AIAN JlabopaTopHas pabota
3 | Onpeznenenue TEIIOTHI AUCCOLMAIMU cinaboro anek- | JlaboparopHas pabora
TpoJIHTa
4 | Onpenenenne KOHCTaHTHI paBHOBecus romoreHHoi | JlaGopaTopHas pabota 4
XUMHYECKOHN peakilui B pacTBOPE
5 | Tepmudeckuit aHanu3 cucTeMbI (eHONI-HATATNH JlabGopaTopHas pabota
6 | Onpenenenne MoOJSpHOW Macchl pacTBopeHHoro | JJaboparopHas pabora 4
BEIIECTBA METOJIOM KPHOCKOTIHH
7 | Koppo3sus u 3amnmra MeTajijioB JlaGopaTtopHas pabota
8 | Onpenenenne KOHCTaHTBI CKOPOCTH U YHEPTUU aK- JlaboparopHas pabota
TUBAIMH PEAKIIMY OKHCIICHHUS NOIOBOJIOPOIHOM
KHCJIOTHI IEPOKCHJIOM BOJIOPOJIa
9 | Karasmtnueckoe BIMsIHUE HOHOB MEIM U kene3a Ha | JlaboparopHas pabota 4
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CKOPOCTb OKHCJICHUSI HOJIOBOIOPOHOM KHUCIIOTHI
nepcynbpaToM aMMOHHUS

Bcero 38

IIpaBuiia TexXHUKHU 0€30MIACHOCTH

1. CryneHT nmomyckaercss K pabore B 1aOOpaTOPUH TOJBKO MOCIIE MHCTPYKTaXa MO TeX-
HUKEe 0€30MacHOCTH, YTO IOATBEP)KIACTCA POCIUCHIO CTYJEHTa M JIMLA, IPOBOJIUBIIEIO HH-
CTPYKTaxX, B CIIELUAIbHOM >KypHaJle.

2. Bce cryneHTsl, NpoleAlIne HHCTPYKTaX, JOKHBI CTPOro MPUIAEPKHUBATHCSA MPABUI
TEXHUKU 0€30mMacHOCTH. 32 HEeCOOI0IeHNE MPaBUJI YCTAHOBJICHA OTBETCTBEHHOCTh B aMHHH-
CTPaTUBHOM WJIU Cy1€0HOM MOPSIIIKE.

3. Pabota cTynenTa B 1abOpaTOpUM pa3peniaeTcsi B 4achl, OTBEACHHBIC IO PACIUCAHMIO, A
TakXe B JONOJHHUTEIbHOE BPEMs, COIJIACOBAHHOE C IperojaBaTesieM, 1Mo HaOI0IeHUeM Ipe-
MoaBaTelIs WJIM TabOpaHTa.

4. 3anpeniaercs IPUHUMATh MUILY B JIa0OpaTopuu, NpoOOBaTh HA BKYC XUMHUYECKUE Be-
IIECTBA, OCTABIIATH KaKHE-THOO PEaKTUBHI B IOCYA€ 0€3 COOTBETCTBYIOIICH HA/IUCH.

5. Bce pacTBOpBI, He MOAJIEXKAIINE CIMBY B KaHAIM3ALKIO (OPraHUYeCKUEe PAaCTBOPUTEIH,
COJIM PTYTH U cepedpa, JErKOBOCILIAMEHSIOLIUECS KUJKOCTH, KOHIEHTPUPOBAHHbIE KUCIIOTHI U
IIEJI0YH U T. 1.), CJIeIyeT BbIIMBATh B 0cOObIe OAHKH [UIs CIIMBA, MOJIY4YMB yKa3aHHe Ja0opaHTa.

6. KoHLleHTprpOBaHHBIE KUCIOTHI U LIEN0YH, CUIBHOAECHCTBYIONIME PEAaKTUBBI (OpoM U
Jp.) HAJl0 XPaHUTh B BBITSDKHOM LIKady MOJ TATON Ha MOJHOCE M HE BBIHOCUTh MX OTTY/A.

7. Ilpu Bcex paboTax ¢ €KMMH BEIIECTBAMH (KHCIIOTHI, IEIOYU U Jp.) HEOOXOIUMO CO-
0Jr071aTh MaKCUMAaJIbHYIO OCTOPOXKHOCTb, MM€s B BUJY, UTO HECUACTHBIE CIy4yaM BCEria IpoHcC-
XOJAT B pe3yJIbTaTe HEOCBEIOMIIEHHOCTH, HEBHUMATEIbHOCTH WJIM HEOPEKHOCTH pabOTAIOLIETO.

8. beps BewiecTBoO AJIA OMBITA, CIELYET BHUMATENIBHO POYNTATh TUKETKY U IIPOBEPUTH
COJIEP’)KUMOE 110 Ka4eCTBEHHBIM IpHU3HaKaM (LIBET, 3a1laX, KOHCUCTEHLMS U Ap.).

9. IIpu nonasaHuy €IKOro BEHIECTBA HA CTOJ WJIM Ha IIOJI CIEIYET 3TO MECTO Cpasy ke
3achlaTh MECKOM, 3aTEM MECOK coOpaTh M BBIHECTU M3 MoMelleHus. O0nUToe KUCIOTON MECTO
IIPOMBITH PaCTBOPOM COJIBI.

10. Peakuuu, KOTOpble MOTYT COINPOBOXAATHCA CHUIBHBIM Pa30rpeBoM (pacTBOpEHHE
KHCJIOT, LIeJ04eit), ciaeyeT IpOBOJUTh TOJIBKO B MOCY/I€ U3 XMMHUECKOro CTEeKIIa, a He B TOJI-
cTocTteHHOM nocyne. [Ipu 3ToM peakiIMOHHBIN COCy TOMEIIAI0T B KPUCTAILIIU3ATOP.

11. 3acaceiBaTh eaKHe JKUAKOCTH B MHUIETKY HEOOXOAMMO TOJBKO C MOMOIIBbIO I'PYIIN
WJIM THEBMOHACOCA, a HE PTOM.

12. HarpeBaTh pacTBOpHI Ha INIUTKE CJIELYET TOJBKO B IOCYAE U3 XUMHUYECKOTO CTEKJIA
6e3 mpoOku. I1pu s3ToM nocyna nomkHa ObITH CyXol cHapy»ku. bpaTth HarpeTble npeaMeTsl Heoo-
XOJMMO € TOMOUIBIO NOJOTEHLA WX CHEUAIBHBIX HAllaJIbUHUKOB.

JIABOPATOPHAS PABOTA 1.
OITPE/IEJIEHUE UHTEI'PAJIBHOM TEILJIOTHI PACTBOPEHM S COJIU B BOJIE

Teopernueckasi yacTb. TerioBeIM 3pPEeKTOM XUMUYECKON peakiMi Ha3bIBACTCA KOJIU-
YEeCTBO TeIlIa, KOTOPOE BBIAEISETCS WIM TOTJIOMIAETCs MPU MPOTEKAaHUM PEAKINKU B yCIOBUSX,
KOI'Zla MCXO/HBIE BEIECTBA U MPOIYKTHl PEAKIIMH UMEIOT OJIHY U Ty XK€ TEMIEpPATypy, CUCTEMA
HE IIPOU3BOJUT HUKAKOM pabOThl MPOTUB CUJI BHEIIHETO JIaBJIeHUs, 00bEM WU JaBJI€HHE MTOCTO-
SIHHBI.

PactBopenue BemecTB COMPOBOXKAAETCS TEIUIOBHIMU d(dekTamu (TerioTa pacTBope-
Hus). [log TernoBeIM 3pPekTOM pacTBOpPEHUsI MOHUMAIOT KOJIWYECTBO BBIACIUBILEIHCS WIH TO-
[JIOIIEHHOH TETJIOTHI PU pacTBOPEHUHU | MOJIs BelecTBa B OOJIBIIOM KOJMYECTBE PACTBOPHUTENS
(ae menee 300 mMomb).

Temnora rugparanuu wik ruapatoodpazoBanusi (AHmyp) — 9TO TEII0Ta, KOTOPYIO cUcTeMa
BBIJIETISIET, MPUCOEIUHAS K | MOJb TBepoil Oe3BOIHOI COJMM COOTBETCTBYIOIIEE KOJIMYECTBO
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KpHCTAJUIN3AlMOHHONW BoJbl. HemocpenctsenHnoe onpeneneHne AHpyyp 3aTpyIHEHHO, TIOATOMY
ee ompenensoT 1o 3akoHy 'ecca (1837 r.): TeruoBsie 3 (HEKTh XUMHUUECKUX PEAKLUN HE 3aBH-
CAT OT IIyTH, IO KOTOPBIM PEAKIMU MPOTEKAIOT, & 3aBUCAT JIMIIb OT MPHUPOABI U (PU3NIECKOTO
COCTOSIHUSI UCXOJIHBIX BEIECTB M MPOIYKTOB peakuuu. Vcrnonb3ys 3akoH ['ecca, MOXKHO paccuu-
TaTh TEIUIOBBIE Y(PPEKTHI MPOLECCOB, KOTOPBIE 10 TEM HJIM MHBIM NPUYMHAM HENOCPEICTBEHHO
HE MOTYT OBITh orpeseneHsl. Hanmpumep, 3Hast MHTETpaibHbIE TEIIOTHI PACTBOPEHHS 0€3BOAHOM
COJIM M KPUCTAJUIOTHIpPATa B TAKUX KOJMYECTBAX BOIBI, YTOOBI MMOIYYECHHBIH PAacTBOp B 000MX
CITyJasiX UMeJl OJIMHAKOBYIO KOHIICHTPAIIMIO U OBLI OBl IOCTATOYHO Pa30aBJIICHHBIM, MOYKHO pac-
CUUTaTh AHme. PaCCMOTpI/IM OIPCACIICHUC TCIJIOTHI ruaparaliui XJopuJa KajldblIHud, AJId 4€Tro
BOCIOJIb3YEMCS CIIETYIOIMMU TEPMOXUMHYECKUMH yPaBHEHUSIMU:

CaCl; + 6H20 = CaCl-6H-0, AHFI/IZLp
CaCIZ'GHZO + (n-6)HZO = CaCIZ'nHZO, AHpaCT,l
CaC|2 + nH0 = CaCIZ'nHZO, AHpacr,Z

torna 1o 3akony I'ecca AHrup = AHpacr,2 — AHpacr, 1.

DKCIepUMEHTAIIBHO ONpeAeNsis TeIIOTy pacTBopeHus kpuctaioruapata AHpaer,1 1 0€3-
BOZHOM cosid AHpacr,2, PACCUMTHIBAIOT TEIIOTY ruapatoodpasoBanusi AHrp. PacTBOpeHue B Bo-
ne 0€3BOIHBIX coJei IIPOTEKAET 00OBIYHO c BBIICJICHUEM TEIUIOTBI
(AHpacr2 < 0), a KpUCTa/LIOTHAPATOB YaIlle BCETO COMPOBOXKIACTCS IOTJIOMIEHUEM TEIUIOTHI
(AHpaCT,l > 0)

Temnora pacTBOpeHMsI TBEPAOIO COECOUHEHMSI C MOHHOM KPHUCTAUNIMYECKOW PEIIETKON
OIpe/eNsAeTCs B OCHOBHOM CYMMOH JBYX BEJIMYMH: TEIUIOTHl pa3pyLICHHs] KPUCTAIMYECKOMN
PELIETKH U TEIUIOTHI COJIbBAaTallMM MOHOB MOJIEKYJIaMU pacTBOpUTENs. B cBs3u ¢ TeMm, 4TO Ha
pa3pylleHHe KPUCTAIIMYECKON PEIIeTKU TEIJIoTa 3aTpPaylBaeTCsl, a IPOLECC COJIbBAaTallUU CO-
IIPOBOXKIAETCS BBIJCIIEHUEM TEILIOTHI, 3HAK TEIIOTHl PACTBOPEHMSI MOYKET OKa3aThCs Kak I10JI0-
JKUTEJIbHBIM, TaK U OTPULIATEIbHBIM, B 3aBUCUMOCTH OT TOT0, KAKO€ U3 JABYX CllaraéMbIX OOJIblIe
10 aOCOJIFOTHON BETMYHHE.

Tenora pacTBOpeHUs 3aBUCUT OT KOHIIEHTpalMK oOpazyrolerocs: pacrsopa. Hampumep,
npu pactBopeHun oaHoro moiab CuCOs - 2H20 B 8 monb Boasl nornomaercs 3,35 k/[x Temo-
ThI, TP PACTBOPEHUH TOT'O K€ KOJIMYECTBA KpUCTAJUIOrHapaTa B 12 MOJIIX BOJbI TEIJIOTa pac-
TBOPEHHs paBHA HYJIIO, @ IPU PACTBOPEHUHU B OYEHb OOJBIIOM KOJMUYECTBE BOJbI BBLAEIAECTCS
17,67 x/Ix TermoTsI.

PaznuuaroT uHTErpagbHyIo U JudQepeHnnanbHyo TeIUIoTh pacTBOpeHus. Temnora, Ko-
TOpasi TOTJIOIIAETCS WK BBIIEISETCS IPH PACTBOPEHUH OJHOIO MOJIb BEIIECTBA B TAKOM KOJIU-
YeCTBE PACTBOPUTEINSL, YTOOBI 00pa30BaJICS PACTBOP C ONPEAEICHHON MOJISIIBHOCTBIO M, HA3bIBa-
eTCsl UHTErpaJIbHOM TemoTol pacTBopenus. JuddepeHnuranbHoi TenaoToil pacTBOpeHUs Ha3bl-
BaeTcs TEIUIOBOU 3 PEKT, COMPOBOXKIAIOIINNA MPOIIECC PACTBOPEHHSI OAHOTO MOJIb BELIECTBA B
0ECKOHEYHO OOJIBIIIOM KOJIMYECTBE PACTBOPUTEIIS.

JuddepennunanbHble TEIUIOTH PACTBOPEHUS ONPEEIISIOTCS pPacYeTHBIM MeTo oM. MHTe-
rpajbHbIE TEIUIOTHI PACTBOPEHUS HAXOIATCS SKCIEPUMEHTAIBHO.

TemnoTsl pacTBOpEHUs ONPENEISAIOT KAJTOPUMETPUUECKUM METOJOM, KOTOPBIH OCHOBAH
Ha U3MEPEHUH U3MEHEHUs TeMIIepaTyphl pacTBOpa MPU PAaCTBOPEHUHU COJIEH.

Heap padorel. OnpenenuTs HHTErPANbHYIO TEIUIOTY PAaCTBOPEHUS HEU3BECTHOM COJIM B
BOJIE.

3agaun:

- OIIPENENUTh U3MEHEHNE TeMIIepaTyphl IIPH PACTBOPEHUHU U3BECTHOM COJIH;

- OIIPEIENINTh HHTETPAJIBHYIO TEIUIOTY PACTBOPEHMSI JAHHOW COJIH (110 CIIPABOYHHUKY);

- paccuMTaTh MOCTOSIHHYIO KaJIOpUMETPA;

- onpenenutb AT npu pacTBOPEHNN HEM3BECTHOM COJIN;

- paccurTaTh UHTETPAILHYIO TEIUIOTY PaCTBOPEHUS HEU3BECTHOM COH.

IIpuGopbl U peakTHBBI. YueOHO-TA00PATOPHBIN KOMIUIEKC «XUMHsD (LEHTpaIbHBINA
KOHTpOJEp, MoayIb «TepMocTaT» B KOMIUIEKTE CO CTEKISHHBIM crakaHumkoM (150 cm®), Tep-
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MOJIATYMKOM M YCTPONCTBOM JUIsl pa3MEILIEHUs] HaBECKH); XJOopuJ ammoHus; cyxue comu Ki,
NaCl, NHsNOs.

Ilopsinok BbINOJHeHHs1 PadOTBI. /[ SKCIEPUMEHTAIbLHOTO OINpEAENCHUS TEeIIOThI
pacTBOPEHMS] HEM3BECTHOM COJIM BHAdajle ONPENEISIIOT IMOCTOSHHYIO Kajnopumerpa. s 3Toro

CTakaH, B KOoTopslil HanuTo 100 cm 3 JMCTUJUTMPOBAHHOM BOJIbl, YCTAHABIUBAIOT B KaJOPUMETP
Y 3aKpBIBAIOT KPBILIIKON C YKPEIJICHHBIM B HEM JaTYMKOM TEeMIepaTrypbl. B oTBepcTHe KPBIIKU
BCTaBJISIIOT CIEUANBHYIO POOUPKY, B KOTOPYIO MPEIBAPUTENILHO HACHIIIAHO 2 T U3MEJIbUEeHHOU
comu ¢ u3BectHoi Tertotoit pactBopenust (NH4Cl). IpoBoasar pactBopenue comu. ['paduue-
CKHUM METOJIOM ONPEIENISIIOT U3MEHEHUE TEMIIEPaTyphbl IPU PACTBOPEHUU COJIM U PACCUUTHIBAIOT
[IOCTOSIHHYIO KaJIOpUMETpa.

3areM BBUIMBAIOT U3 CTaKaHa pacTBOP, OMOJACKUBAIOT AUCTUIUIMPOBAHHON BOJOW, HAJHU-
BatoT B Hero 100 cM® IMCTHILTMPOBAHHON BOJBI M YCTAHABIIMBAIOT B KAJTOPHMETp. 3aTeM HPOBO-
ISIT pacTBOpEeHHE | T HEM3BECTHOM COJM aHAJIOTUYHO PACTBOPEHHIO COJIM C M3BECTHOM TEILIOTON
pacTBOpPEHUS, ONPEIEISIIOT U3MEHEHHE TEMIIEPATYPbl U PACCUMTHIBAIOT HHTEIPAIbHYIO TEIUIOTY
pacTBOpEHHUSI.

Pacuer TennoTel pacTBOpEHHS MPOBOJAAT HA OCHOBE YPaBHEHMsI TEIJIOBOIO OalaHca:

Q=|(m+ mz)t:Jan:mici AT,

>3

rze M1 1 My — Macca BOJBI ¥ COJIM, COOTBETCTBEHHO, T; ¢ — TEIUIOEMKOCTh 00Pa3yIoIIero-
cst pactBopa, Jx/r-K, (U1 ucnons3yemMbIX B JaHHOK paboTe KOJIMYECTB BOJBI U coiel ¢ ~ 4,18
JIx/r-K); mi u Cj — Macca ¥ TeIUIOEMKOCTh COCTABHBIX YacTel KaJOpHUMETpa.

TouHo ompenenuts Mi U Ci HE MPEACTABIAETCA BO3MOXHBIM. [lo3TOMy cyMMy Zn:mi .c
i>3

00o03HauatoT cuMBOJIOM K, Ha3bIBaeMbIM IOCTOSHHOM KaJOpHUMETpa, U ONPEAEIsIoT ero 3Have-
HUE TI0 M3MEHEHUIO TEeMIEpPaTypbl MPU PACTBOPEHUU OMPEIECIIEHHOTO KOJIWYECTBA CONM C U3-
BECTHOH TeruioToil pactBopeHus. IlocrosHHas kamopumerpa K — KOJIMYECTBO TeIuia, KOTOPOE
HEO0OXOMMO TOJIBECTH K yYacCTBYIOIIEH B TEMJIOOOMEHE YacTH KaJOpUMETpa, YTOObI MOIHATH
ero temneparypy Ha 1 °C.

VpaBHeHHE TEIIOBOrO OanaHca 3aluIIeTcs Toraa:

Q=[(m, +m,)c+K]AT.

Otcroma
K =g—(ml+m2)c,
AT

rae Q = AH mz; AH — unTerpanbHast TeIIoTa pacTBOpeHHs coiu, JK/T.
B kauectBe coJid ¢ M3BECTHOM MHTErPAIIBHON TEIIOTOM PACTBOPEHHS] MOKHO HCMOJIb30-
BaTh NH4Cl (Tabmuma 1).

Ta6muma 1 — Muterpanpsaas Temiora pactBoperns NH4Cl npu 25 °C

M, MOJIM COJIM Ha 1 KT BOJBI AHpm, xJI>x/M01b
0,1 15,10
0,2 15,19
0,3 15,23
0,4 15,27
05 15,27
1,0 15,31

I'padpuuecknii Meton ompenejieHusi u3MeHeHus:i TeMnepatypbl. HeoOxonumele s
OTIpeNieNIeHUs] N3MEHEHHS TeMIIEpaTyphl JMHUU MPOBOJATCS CleAyIonmM obpazom. Haxumaem

KHOIIKY «IpsiMasi JINHUSD) (\\), MOJBOAMM KYypCOp K COOTBETCTBYIOIIEH Touke rpaduka u,
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Ha)kaB JIEBYIO KJIABUIIY MBIIIH, YCTaHABIMBAEM HAYaJIbHYIO TOUKY JUHHH. 3aQUKCUPOBATH JIH-
HUIO HY>KHO MOBTOPHBIM HA)KaTUEM KHOMKHU (OTMEHUTH — MPABON KHOIKOM MBIIIIH).
Jns uzmepenuss AT npoBOJAMM BEPTUKAIBHYIO JIMHUIO J0 NIEPECEUEHHUS] C MOITYyUYEHHBIMU

JMHUSAMUA. J[JI1 3TOTO HAXKMMAaeM KHOIKY «JIMHEWKa» (:§m ), yCTaHaBJIMBAaEM Kypcop Ha OAHOU U3
JUHUM ¥ MPOBOJUM BEpPTHKAIbHYIO JIMHUIO. B mone «Pe3ynapTary MOXKHO YBUIETh MU3MEHEHUE
TEMIIEPATYPbI IPU PACTBOPEHUH COJIU (PUCYHOK 1).

[ ===

Pucynox 1 — I'paduaeckuii ciocod onpeaeneHns N3MEHEHHs TEMITEPATyPhI

W3menuth Macmrad rpaduka MOXKHO C IOMOUIbIO KHOIOK, PacHOJ0XEHHBIX B JIEBOM
BepxHeM yriy. [IpoBeneHHbIe TUHIHM MOKHO yOpaTh, UCIIOJIB3YSl COOTBETCTBYIOIINE PEXUMEI. B
peKUMe «IpsMasi JMHUSD) OABECTH Kypcop K JIMHUU U Ha)KaTh MPaBYIO0 KHOIKY MBIIIH, B PEXKU-
Me «IHHEIKay yOupaercst pe3yabTaT W3MEpEHUs! JINHHSL.

IIpumep pacuyera TemyOThl PacTBOPeHUS] HEM3BECTHOM cosiu. lcxonHble AaHHBIE.
IIpy ompeneneHry MOCTOSAHHOMN Kamopumerpa, B 500 cm® Boasl pactsopsnochk 5 r NH4Cl. [leii-
CTBHUTEJIbHOE U3MEHEHUE TEMIIEPATyphl, ONpe/ieleHHOe rpaduyeckuM MeToaoM, coctaBuiio 0,6
°C. Ilpu pacTBOpeHUHU 5 I HEU3BECTHOM COJIM JEUCTBUTEIBHOE U3MEHEHHE TEMIIEPATYphl COCTa-
Buiio 0,68 °C. Temneparypa Boast — 25 °C.

OmnpenenyiM MOJSUTFHYIO KOHLIEHTPAIMIO PACTBOPA, 00pa3yroIerocsi Ipyu pacTBOPEHUH 5
r NH4Cl.

Mogmsipuast macca NH4Cl — M = 53,5 r/monb. 5 r NH4Cl cocraBnser 5/53,5 = 0.0935
Moib. B 500 r Boasl pactBopuiu 0,0935 moins, a B 1000 r 6yaer pacrBopeno 0,187 monb. Cie-
JIOBaTEJIbHO, MOISIIBHOCTE M = 0,187 MOJIB/KT.

B rtabmume 1 mast NH4Cl nmanbr mHTerpasibHble TEmIoThl pacTtBopenus: mpu m = 0,1
MoIb/KT, AHm = 15,1 xJlx/Monb u ipu M = 0,2 mons/kr, AHm = 15,19 xJIx / Mmons. Metogom
MHTEPIIOISIIIMY ONIPEIeNsieM UHTErpajJbHYI0 TEIIOTY pacTBopeHus ains m = 0,187 moinb/kr. YBe-
nnuenne AHm npu yBenuyeHUH MojsuibHOCTH Ha 0,1 Monb/kr coctaBmser 15,19 — 15,1 = 0,09
kJ[>K/MOB.

Torna, ysenuuenue AHm na 0,187 — 0,1 = 0,087 monw/kr pasuo 0,09 - 0,087/0,1 = 0,08
kJx/Monb. OTcrozia, uaTerpanbHas termioTa pactBopenus: NH4Cl, npu o6pazoBanuu pactBopa ¢
MosuTbHOCTBEO M = 0,187 monw/kr paBHo 15,1 + 0,08 = 15,18 x/lx/mons = 15,1873/53,5 = 284
JIx/T.

[Mpu pactBopenuu 5 1 NH4Cl nornotunocs Q = 284 - 5 = 1,42 x/Ix terotsl. Ternoem-
KOCTb pacTBopa npuomkeHHo pasHa 4,18 Jhx/r-K.

K :%—(m1+m2)-c:%—(500 +5)-418 = 2551 kJ[x/K

OnpeneneHue TeNJOTHl PACTBOPEHUsI HEM3BECTHOI COJIN
Q =[(my +m,)c+K]JAT =[(500 +5)4,18+255,1]0,68 =1638,8 [T

VY nenbHas TENI0Ta paCTBOPEHMS] HEU3BECTHOU COJIH

q=1638,8/5=327,6 I/t

B cripaBouHMKax MPUBOJATCS UHTETPAIbHBIE TEIUIOTHI PACTBOPEHUS Pa3IUYHBIX COJIEH B
kJ>x/Monb. Tak kak MOJISIpHAst Macca COJIM HEM3BECTHA, TO HEOOXOAMMO MEepecYnuTaTh MOJISIPHBIC
MHTErpaJibHbIE TEILIOTHI pacTBOpEHUS HA  yJeNbHbIEC. Tak s KI —
g = 1255 «xJx/r, mim NaCl - g = 73 «x/xr, mix NHsNOs -
q=321,87 xIx/r.
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TpedoBanus k oruyery. HaumeHoBanue paboThl, 11e1b pabOTHI, KPaTKOE OIMMCAHUE METO-
JIMKH, CIIUCOK IPUOOPOB M PEAKTHBOB, TIOPSIOK BHITIOTHEHUS JIAOOPAaTOPHON pabOThI, pe3yJIbTaThl
M3MEPEHUI 1 BBIYKMCICHUH (Tpaduku, opMyIIbl), onpeaeeHUe OIMOOK N3MEPEHHA, BBIBOJIBI.

JIABOPATOPHAS PABOTA 2.
OIIPEJIEJIEHUE TEIIOTHI HEUTPAJIU3AIIUN

Teopernueckas yactb. [Ipu B3auMOJEHCTBUM MOJIb-IKBUBAJICHTa CUJIBHON KHCIIOTHI C
CHJIBHBIM OCHOBAaHHEM B Pa30aBICHHBIX PACTBOPAX BBIACISACTCS MOYTH OJAMHAKOBOE KOJIHMUYECTBO
teroThl (55,9 xJx/momnb ipu 298 K).

ITocTOSHCTBO TEMIOT HEUTPAIN3aLMU CBSA3aHO C TEM, YTO IPU B3aUMOJEHCTBUM CUIIbHBIX
KUCJIOT ¥ OCHOBAHWH, MOJHOCTHIO JUCCOLMMPOBAHHBIX B BOAHBIX pacTBOpax, u3 nonos H* (Tou-
nee H3O") kucnotel u nonos OH™ ocHoBaHus 00pa3yroTCst MOJICKYJIBI BOJIBL:

H"+ClI"+K"+OH =H0 + K"+ CI".

[Tpu onpenenennn TerioBbIX 3(P(EeKTOB peakuuii HEHTpaIn3auy HEOOXOJUMO yUUTHI-
BaTh, YTO MPU CIMBAHUH PACTBOPOB KUCIOTHI U OCHOBAHUS IIPOUCXOAUT U3MEHEHHE 00BEMOB, TO
€CTb HYXHO €I11€ YUUTHIBATh JIBE€ IPOMEKYTOUHBIE TEIJIOTHI pa3BEICHUS:

g=01—0Q2

r7ie q — TeIIoTa HeUTpalu3aluy; q1 — TeIUI0Ta HEUTpaiu3auuu U pa3BeACHUs; 2 — Tel-
JI0Ta pa3BEACHHUS.

TemoToli pa3BeAeHUs METOYN MOXKHO MPEHEOpeyb, T. K. B JAHHOH padoTe K O0JIbIIOMY
00BbeMy 1IeI04Yu J00aBISIIOT HEOOIbIIONH 00BEM KUCTIOTHI, U 00BEM IIETIOYH MO U3MEHSIeTCS B
nporiecce onbiTa. TemmoTy HedTpanu3anuyu MOKHO OIPEACTUTh 1Mo (hopMmyIe:

g =—(m1C1 + maC2 + K)AT1 — (m2C2 + mac3 + K)ATo,

rae my, C1 — Macca U TEIJIOEMKOCTh IIEJI0YH;, mp, C2 — Macca U TCIUIOEMKOCTh KUCJIOTHI,
M3, C3 — Macca U TeroeMKocTh Bofbl; AT1, AT, — pasHOCTh TeMmeparyp Npu HEUTpalu3aluu U
pa3BelleHuU COOTBETCTBEHHO.

[IpuHMMast, 4TO TEMJIOEMKOCTH PACTBOPOB LIEIOYM U KUCIOTHI IPUMEPHO PaBHBI TEIIO-
€MKOCTHU BOJIBI (C1 = C2 = €3 = C), PACCUUTHIBAEM TEIUIOTY HEUTpaIu3auu 1o hopmyre:

g = (mic + moc +K) (AT1 - AT>).

Heab padorbl. KamopuMeTpuyeckuM METOJIOM ONPENEIUTh TEIUIOTY HEUTpaIn3aluu
CUJIBHOM KHCJIOTBI CUJIbHBIM OCHOBAaHHUEM.

IIpubopsl U peakTHBBI. Y4eOHO-Ta0OPATOPHBIN KOMIUIEKC «XUMHsD» (LIEHTPaTbHBIN
KOHTpOJiep, MOAyih «TepMocTaT» B KOMILIEKTE CO CTEKISHHBIM cTakaHuukoM (150 cm®), Tep-
MOJATUYUKOM M YCTPOMCTBOM JIJIsl pa3MeIeHUsl HaBECKH ), XJopu1 aMMoHus, pactBop NaOH (C =
0,15 moms/nm), pacteop HCI (C = 5 Moms/aM®), IUCTUIINPOBAHHAS BOJA.

Ilopsinok BbINOJHEHHS padOTHI.

IIpoBOAAT KalOPUMETPUYECKOE ONPEACICHUE NEUCTBUTEIBHOIO 3HAUEHUS W3MEHEHHUS
TEeMIEPATypbl pACTBOPEHUS COJIU C U3BECTHOU TEINIOTON PACTBOPEHHUS.

JIis 5TOro cTakaH, B KOTOpbli Hamuto 100 cM® TUCTHIIIMPOBAHHON BOJIBI, YCTAHABIIUBA-
I0T B KaJOPUMETP U 3aKPBIBAIOT KPBILIIKON C YKPEMJEHHBIM B HEHl AaTYMKOM TemmepaTrypsl. B
OTBEPCTUE KPBIIIKU BCTABJSIOT CHEIHMAIBHYIO IPOOHPKY, B KOTOPYIO MPEIBAPUTEIILHO HAChINa-
HO 2 T U3MENBbUYCHHOH cosu ¢ u3BecTHOM Terutoroi pactBopenus (NH4CI). TIpoBoast pacTBope-
HHUe cond. ['paguueckum MeToI0M ONpEAeSIOT U3MEHEHNE TeMIIepaTyphl IPH PaCTBOPEHUHU CO-
JI U PAaCCUUTHIBAIOT MOCTOSIHHYIO KaJJOPUMETPA.

IIpoBOAAT KaTOPUMETPUUECKOE OMPEEIIEHNE TEIJIOTHI NIPOLIEcca HEUTpAJIN3alluK U pa3-
BeneHn (1. [ aToro B kasiopumeTpudeckuil crakad BHecute 100 mur pacTBopa 1miesnodu, u3Me-
psiiTe TEMIIEpATypy B TEYEHHE 5 MUHYT, 3aT€M UEPE3 OTBEPCTUE B KPBILIKE KAJIOPUMETPA, C I0-
MOIIIBIO YCTPOMCTBA JUIsl pa3MEIEHNs HaBECKH Ipuiieite 3 mu1 KUCIoThl. [IpogomxkaiTe 3amepsl
TEMIIepaTypbl J0 TeX IMOop, ToKa B T€YEHHE 5 MUHYT He Oyaere HaOM0aTh MIIaBHOE paBHOMEP-
HOE ee M3MEHEHHE (TO €CTh JI0 OKOHYAHUS 3aKIIOUMTEIBLHOTO repruoaa ombita). ['padudeckum
METOJIOM OIIPEIEISIIOT U3MEHEHUE TeMIiepaTypbl AT1.

[IpoBoasT KamopuMeTpUUYECKOE ONpeesieHne TEIIOThl pa3BeAeHUs] KUCIOThI. [ 3Toro
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MOBTOPUTE MPEIBIYIIUI OIBIT, HO BMECTO PAacTBOPA LIEIOYH HCIONb3YITE TUCTHILTUPOBAHHYIO
Boay. ['paduaeckum MeTOIOM OTpeestoT n3MeHeHue Temreparypsl ATo.

Tennory HEHTpanIU3aIMK ( pacCUUTaNTE 10 hopmyJie:

g = (mic + moc +K) (AT1— AT>).

[TonydyeHHoe 3HaUYE€HHE TEIUIOTHI HEUTpalU3alluu NepecyrTaiiTe Ha 1 MOJb KHUCIOTHI 110
dbopmye:

aH=0-9

VC

rae V — 06bem Kuciotsl, cm; C — KOHLIEHTpAIUsl KUCIIOTHI, MOJTB/ M.

Ecnu onbIT mpoBOAUTH MPH IPYTUX KOHLUEHTPALUAX WK 00beMaxX LIEIOUU WU KUCIOTHI,
TO TETIOBOM 3(P(PEKT MepecunThIBAIOT Ha BEIIECTBO, B3STOE B MEHBIIIEM KOJIUYECTBE.

CpaBHHTE TOJYYECHHBIA pe3ynbTaT ¢ TaOJuuHbIM (55,9 kIk/Moib), HalauTE TMOTpeIl-
HOCTb BBITIOJTHEHUS OIBITA

TpedoBanus k ordery. HanmeHoBanue paboThl, 11e7b pabOThI, KPaTKOE OMHMCAHUE METO-
JIMKH, 000PYAOBaHUS U X0Ja PadOTHI, pe3yabTaThl N3MEPEHHUI M BRIMUCIICHUH (Tpaduku, HopMyIbl),
OTpeJIeTICHUE OLIMOOK U3MEPEHUI, BHIBOIBI.

JIABOPATOPHAS PABOTA 3.

OIMPEAEJIEHME TEIIOTHI JUCCOLUALINN CJIABOI'O DJIEKTPOJIUTA

Teopernueckasi yactb. CraOble 3JEKTPOJIUTHI, B YACTHOCTH CJIa0ble KUCIIOTHI (B HALLEM
ClIly4ae 3TO yKCyCHasi KUCJIOTa), B BOJHOM PacTBOPE JIMIIb YACTUYHO AUCCOLMUPOBAHbI HA HOHBI.
[Tpu cMemmBaHuM c1aboil KUCIOTHI ¢ CUIIBHBIM OCHOBAaHHEM IPOUCXOAUT MPOLEeCC HEUTpaIu3a-
LIUU KHUCJIOTHI, KOTOPBIH MOXHO MPEJCTaBUTh KaK MOCIEA0BATEIbHOCTh CIEAYIOUIMX CTagull —
JMCCOLMALUU cl1ab0i KUCIOThI U, COOCTBEHHO, peakIMK HelTpann3anuu. B aToM citydae Temo-
BOM 2(pPeKT cMenIeHns: BOJHBIX PACTBOPOB C1a00i KUCIOTHI U CHIIBHOTO OCHOBAHUS CKJIA/IbIBA-
eTcs U3 TeIUIOThl 00pa30BaHMs BOJIbI U3 MOHOB (peakMM HeUTpaau3alyn), TemIoThl JUCCOLHa-
11U cJIa00W KUCIIOTHI U TEIUIOTHI Pa30aBlIeHUsI KUCIOThl OCHOBAHHUEM.

Hean padoTsl. OnipeAenuTh TEIIOTY TUCCOIUAIIMN C1a00W KUCIOTHI MPU €€ B3auMO/ICH-
CTBHHM C CUJIbHBIM OCHOBAaHHUEM.

IIpubopsl U peakTHBBI. Y4eOHO-Ta0OPATOPHBIN KOMIUIEKC «XUMHUSD» (LIEHTPaTbHBIN
KOHTpOJiep, MOAyih «TepMocTaT» B KOMILIEKTE CO CTEKISHHBIM cTakaHunkoM (150 cm®), Tep-
MOJATUYUKOM U YCTPOMCTBOM JUIsl pa3MelieHust HaBecku), pactBopsl: 0,15 v. NaOH, 5 u. HCI, 5
H. CH3COOH; xyopua aMMOHUs, AMCTUIUINPOBAHHAS BOJA.

Ilopsinok BbINOJHEHHs padOTHI.

OnpeiensIoT MOCTOSHHYIO Kanopumerpa. JIIs 5Toro cTakaH, B KOTophlit Hamuto 100 cm®
JUCTUIITMPOBAHHOW BOJIbI, YCTAHABIUBAIOT B KAJIOPUMETP M 3aKPhIBAIOT KPBIIIKOW C YKpEIUIeH-
HBIM B Hell JaTYMKOM TemIiepaTypbl. B oTBepcTHe KPBILIKH BCTABISAIOT CIIEUAIBHYIO TPOOUPKY,
B KOTOPYIO MPEABAPUTEIHHO HACHIIAHO 2 T U3MEIbUYEHHOM COJIM ¢ U3BECTHOM TEIJIOTOM pacTBoO-
penust (NH4Cl). IIpoBoast pactBopenue conu. ['padudaeckum MeTo10M ONPEACISIIOT H3MEHEHUE
TEMIEPATYPbI PU PACTBOPEHUHU COJIM M PACCUUTHIBAIOT IOCTOSTHHYIO KaJIOpUMETpA.

JIns onpeiesieHus TeIUIOThl CMEIISHHs pacTBOpa YKCYCHOW KHCIIOTHI O Iienousio (Q1) B
Ka4yeCTBE KAIOPUMETPUUECKON KUIAKOCTH ucnoib3ytoT 100 mi 0,15 H. pactBopa NaOH. B crie-
UabHYI0 MpoOHpKy nmomemaoT 3 mi 5 H. pactBopa CH3COOH u 3akpemisiior ee B KpbIIIKe
KajopuMmeTpa. B Tedenne 5 MUHYT QUKCUPYIOT TeMIlepaTypy HadaJlbHOTO Mepro/ia.

3areM NPWIMBAIOT, HAXKaB Ha MOPIIEHb CIEUaTbHONW MPOOUPKH, K PACTBOPY LIEIOUYH
pacTBOp KHUCIOTHI, IPOAOJIKas U3MepeHue temreparypbl. Korja usmeHeHne TeMieparypsl cTa-
HET PaBHOMEPHBIM, POJIOJHKAIOT OIIBIT €Ille 5 MUHYT.

OmnpenensitoT TemaoTy 00pa3oBaHus BOAbI (HEUTpaTU3allUuy CUIIBHON KUCIIOTHI CHIIbHBIM
ocHoBaHueM — (Q2), u3 ombiTa (cM. 1abopaTopHyo padoty Ne 4) ninn U3 TaOIMYHBIX TaHHBIX.

Omnpenensiror temaory passeaenuss CH3COOH menousto — (Qz). Jlast 3T0r0 BIMBAaIOT
pacTBOp KHUCJIOTHI (B TAKOM k€ 00beMe, KaK MPHU HEUTpaIu3alnn) B YUCTYIO BOY, B3SATYIO B Ta-
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KOM JXK€ 00beMe, Kak 11es109b. [ paduueckum meTonoM onpeneisitoT AT U pacCUUTHIBAIOT TEILIO-
Ty pa3BeICHUS:
Q1=0Q2 + Q3 *+ Quucc ¥ Quuce = Q1 — Q2 — Qs.

TennoToli pa3BeAeHUs MIETOYH KUCIOTOH MOXHO IpeHeOpeub, TaKk KaKk 00beM IIEeT0YH
3HAYUTENIbHO 00JIbIIIEe 00beMa KUCIOTHI.

TpeboBanus k oruery. HanmenoBanue paboThl, 11eb pabOThI, KPAaTKOE ONMUCAHHE METO-
JIUKH, 000PYZ0BaHUS M X0/1a Pa0OThI, Pe3yIbTaThl U3MEPEHUH U BBIYHUCICHUH (Tpaduku, GopMyIib),
BBIBOJIBI.

JIABOPATOPHAS PABOTA 4.
OITPEJIEJIEHUE KOHCTAHTBI PABHOBECH I TOMOI'EHHOM XUMHWYECKON
PEAKIIMI B PACTBOPE

Teoperuyeckasi yacThb. 3HaUCHHUE KOHCTAHTHI CBsA3aHO ¢ dHeprueit ['mdoca:

AG®98 = —RTInK.

OTO ypasnenue uzomepmuvl XUuMu4eckoil peaKyuu, OHO UCIIONb3YeTCs ISl PacyeToB B
MOMEHT paBHOBecus. V3 ypaBHEHUSI M30TEPMBI MOXKHO ONPEICIUTH HAlpaBlieHHE MPOTEKAHUS
npolecca:

- ipu BbicoKuX 3HaueHus1X Ke AG < 0 — npsimast peakuus,
- mpu HU3KKX 3HaueHusx Kc AG > 0 — oOpaTHas peakius.

Cyl11€ecTBYET noiHoe ypasHeHue uzomepmvl XUMuU4eckoll peakyuu, Korja KOHIEHTpa-
[[UU BEIIECTB B CUCTEME SIBJIIOTCSI HEPAaBHOBECHBIMU:

AG®98 = —RTInK, + RTInIL;

AG®98 = —RTIN(K/T1e) = RTIN(T1/Ke).

[Ipoananuzupyem mojiHOE ypaBHEHUE U30TEPMbI peakiii. C MOMOIIBIO HErO0 Mbl MOKEM
0oJiee TOYHO OIPENETUTh HANIPaBICHHOCTh MpoIlecca:

K. > I, AG < 0 — ipsimast peakuus;
K. <Il¢, AG > 0 — oOpatHas peakius;
K¢ =TI, AG = 0 — xuMHU4YecKoe paBHOBECHE.

Kc, BrIpaskeHHas depe3 KOHIIEHTPAIHUIO, MOXKET MCHOIB30BAaTHCS TOJBKO JJISl BEIIECTB,
HaXOJSIINXCS B pACTBOPEHHOM cocTosiHuH. Eciiu BemecTBa OyayT TaHbl B ra3000pa3HOM COCTO-
SIHUU, TO HEOOXOJMMO BBIpaKaTh KOHCTAHTY PaBHOBECHSI Yepe3 MapIuaibHOE 1aBlICHUE:

K, = (P°c-PYp)/(P3a-PPB).

Ecnu peakius reteporeHHas, To B BbIpaK€HHE KOHCTAHTHI MOACTABISIOT TOJIBKO Ta3000-
pa3Hble BemecTBa. Hanpumep:

2NO(1) + Oa(r) <> 2NO2(1), K¢ = [NO2]¥[NOJ?[O2];

2C(T) + Oa(T) <> 2CO(1), K; = P2(CO)/P(Oy).

B TepmoninHaMuke pa3znuyaloT ucmuHnHnoe U a10icHoe paBHosecre. [Ipru3Hakyu HCTUHHOTO
paBHOBECHS:

- PaBEHCTBO CKOPOCTEH TPSIMOM B OOpaTHON peaKInii;

- 3HaueHue >Heprun ['m66ca muanMansHo, AG = (. 3HaueHue HTPONUU MAKCUMAJbHO,
AS =0;

- XapakTepu3yeTcs MOJBM)KHOCTBIO, CIIOCOOHOCTBHIO CaMOIIPOM3BOJIBHO BOCCTaHABIIU-
BaThCs TIOCIIE HEOONBIIMX CMEIICHW BHEITHUX YCIOBUM. Hampumep, BO3ayX CKUMaercs Mpu
BO3/ICHICTBUM Ha HETO JAaBJICHUS, KOTJA K€ JaBIIEHHWE MCUYE3aeT, TO OH BOCCTAHABIIMBAETCS JIO
NIEPBOHAYAIILHOTO COCTOSTHUS;

- COXpaHEHHE CBOETO COCTOSIHUS BO BPEMEHU PU OTCYTCTBHM BHEIIHUX BO3ACHCTBU;

- B MOMEHT PaBHOBECHS COCTOSIHHE CHCTEMBI OJIMHAKOBO, HE 3aBHCUMO OT TOTO, C KaKOH
CTOPOHBI CHCTEMa IOJI0ILIA K HEMY.

Jlo)xHOE paBHOBECHE, KOTOPOE UMEET CXOJCTBO C HCTUHHBIM, [UTUTEIEHO BO BPEMEHH, HO
pu 3ToM AG # 0 (Tpemydasi cMeCh, TIEpPECHIIIEHHBIE PacTBOPHI). ICTUHHOE paBHOBECHE MOIUHU-
HSIETCSl YPABHEHHIO U30TEPMBI (OHO paboTaeT TOJIBKO MPH MOCTOSHHOW TeMIlepaType, 4To TPY/I-
HO JIOCTH>KMMO B YCIIOBUSIX OmbITa). Ha mpakTrke yioOHee 1oib30BaThCs ypasHenuem uzooapol
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XUMUYECKOUl peaKyuu, T. K. OTHOCUTEIIbHOE MOCTOSTHCTBO JaBJIEHUsI 00ecleynBaeT caMa BHElll-
HSs cpefa:

(dInKp/dT)p = AH/RT? — ypaBHeHHE H306apHI.

W3 ypaBHEeHHs ClieyeT, YTO C MOBBIIICHUEM TeMIIepaTypbl KOHCTaHTa paBHOBECHS OyaeT
BO3pacTarth B IHAOTEPMUYECKUX PEAKIUAX, B IK30TEPMUUYECKUX K€ OHA OyJeT yMEHbIIAThCS.
Jiis yBenmu4eHus: KOHCTAHTBI B 9K30TEPMUYECKUX PEAKIHIX HEOOX0AUMO MOHIKATh TEMIIEpaTy-
py-

[Tocne naTerpUpOBaHUs ypaBHEHUE OyIET UMETh CICTYIOIUN BUJI:

IN(K(T2)/K(T1)) = AH-(T2 — Ty)/RT2T1.

W3 3T0r0 ypaBHEHHUS BBITEKAECT 3aBUCHMOCTH TEIJIOBOTO 3 eKTa OT TEeMIIEpaTypHl, T. €.
MO’KHO PacCYUTATh BEIMYHMHY TEIUIOBOTO 3(deKTa, eclii U3BECTHBI KOHCTAHTHI MPU JBYX TEM-
neparypax:

AH = (RT2Ti/(T2 —T1)) - In(K(T2)/K(Ty))

Hcnonb3ys 3T0 ypaBHEHHE MOKHO paccuuMTaTh KOHCTAHTY PaBHOBECHUS MU JIOOOH TeM-
neparype, eciu Oyaet u3Bectna AH.

Heab padortbl. V3ydyeHne paBHOBeCHs] TOMOTC€HHON PeaKIMK (POTOKOIOPUMETPUUECKUM
METOJIOM U pacyeT €€ KOHCTAaHThl PABHOBECHS.

Ipudopsl u peaktuBbl. Dotornekrpudeckuii konopumerp KDK-3, BocemMb MepHBIX
kos6 Ha 100 M1, MepHas konba Ha 25 mu; 0,1 M pactBop FeCls, 0,1 M pactBop NH4CNS, HCI
(1:1), muctunnupoBanHas Boaa. ['oroBum pabounii pactBop FeCls (pa3basnsem B 10 pa3: 10 mia
0,1 M pactBopa g0 100 mm).

Ilopsinok BbINOJIHEHHS PadOTHI.

XUMHUECKUE PEaKINH JICNATCS Ha TOMOTEHHBIE M TeTepPOreHHbIe. | OMOT€HHBIMU PEaKIu-
SMU Ha3bIBAIOT PEAKIUH, MPOTEKAIOIINE B Mpeaenax oaHou ¢aszpl. K roMoreHHbIM peakuusm
OTHOCSITCSI MHOTME XMMHYECKHE IPOLIECCHI, IPOTEKAOLME B ra30BOM (a3ze WM B pacTBOpax.
Harpumep:

COq) + H2O@y) <=> COx(r) + Hoqr).

XuMHUecKasi peakiys, MpoTeKarolias Ha TpaHuLie pa3zena (a3, Ha3bIBaeTcs
rereporedHoii. Hanpumep:

CaOs) + CO2r) <=> CaCO3(rp).

Peaknust mpoTekaeT 10 paBHOBECHS, IPU KOTOPOM MMEIOTCS KaK IPOTYKTEHI,
TaK M UCXOJHBIE PEAreHThl, U NMPH ITOM HE MPOMCXOIUT U3MEHEHNE UX KOHLIEHTpa-
197078

Hccnenyemas peakuus NpoTeKaeT Mo ypaBHEHHUIO:

FeCls + 3NH4CNS = Fe(CNS)3z + 3NH4C1,

WM B MOHHOM BHJIE:

Fe¥*+3CNS™ = Fe(CNS)s.

B pesynbraTe mpoTekaHHs peakiuu o0pa3yeTcs XMMHUYECKOe COEJUHEHHE KpOBaBO-
KpacHOTo I[BETa — POJaHM]I TPEXBAJIECHTHOTO ene3a. IHTEeHCMBHOCTh OKpAacKH pacTBopa Oyner
3aBUCETh OT KOHIeHTpanuu obpasyromeiicss comu Fe(CNS)s. DTo mo3BoisieT NPUMEHUTH IS
U3yYeHUS peakiiu (POTOKOIOPUMETPHUECKUH METO/T.

Omnbit 1. ITocTpoenne rpagynpoBo4HOl KPUBOMH

1. B mepabie koa0b1 eMkocThio 100 MIT TOCIe10BaTeIbHO HAKTH:

- aTanoHHkIH pactBop conu xkene3a(lll) B kommuectse 0,5; 1,0; 2,0; 3,0; 4 mi;

- B K&X/yI0 KOJIOY 1O 2 MJI COJITHOM KUCIIOTHI;

- o 10 mu1 0,1 monb-3kB. pactBopa NH4CNS;

- IOBECTU 00BEM /10 METKHU BOJIOH U MepeMelaTh.

2. U3meputh onTruyeckue MIOTHOCTH pacTBOpoB (A = 420 um). J{ns kaxkaoro pactsopa
c/IeNaTh ABa-TPU 3aMepa M B3SATh CpelHue apu(pMeTHIeCKre 3HaUeHHS ONTHYECKON TNIOTHOCTH.

3. Paccunrtath HauanbHyro KoHueHTpauuto conu xkene3a(lll) Co B kaxmoil konbe mo
YPaBHEHHUIO pa3BeCHUS:
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C, =C, -%,

2

rne Ci: —  koHmeHTtpammss coinu  keneza(lll) B sramonHOM  pactBOpe
0,1 M BemiectBa kBHBasieHTa; V1 — 00beM pacTBopa comiu xene3a(lll), B3sToro mmst mpuroros-
neHus nmpoOsl; V2 — 00beM MPUTOTOBIIEHHOTO pacTBopa, 100 mut.

T. x. BO BceX IPUTOTOBJICHHBIX PAaCTBOPAX CO3/aH OYCHH OOJIBINON U30BITOK HOHOB, PaB-
HOBECHE M3y4acMOM peaKIMU CHIIBHO CIBHHYTO B CTOpPOHY oOpasoBanus coiu Fe(CNS)s. Ilo-
stomy KoHueHTpaius Fe(CNS)s paBHa HauanbHOW KOHIeHTpaiuu coiu xene3a(lll) B ucciemy-
eMbIX pactBopax. Konnenrtpanuro ponanua xene3a(lll) Heo6xoaumo BeIpa3uTh B rpaMM-MOJISIX
Ha JIUTP:

Cruscny. 2= Monb _ lCFe(SCN) , MOTb— OKE

3 7 3 3

4. TlocTpouTh TPayHPOBOYHYIO KPUBYIO, OTJIOKMB Ha OCH aOCHMCC MOJIbHYIO KOHIICH-
Tparuto poaanuaa xenesa(lll), a Ha ocu opIMHAT — ONITHYECKYIO TUIOTHOCTH PaCTBOPOB.

OnbIT 2. OnpenesieHne paBHOBECHOI KOHIEHTPALMH POAAHU/IA KeJle3a

1. ITpurotoBuTH 4 UCCIIEIYyEMBIX PACTBOPA C Pa3IMYHBIMUA HadyadbHBIMUA KOHIICHTpAIUS-
mu noHoB xene3a(lll) u pomanuaa. s 3Toro B MepHbIe KOJIOBI eMKOCTHIO 100 MJT BIHTH:

- yKa3aHHBIE B TAOJHUIE KOJIMYECTBA 3TATOHHOI0 pacTBopa couu keneza(lll);

- 110 2 MJI COJISTHOM KUCJIOTHI;

- YKa3aHHbIE B TA0JIHIIE KOJIMYECTBA POJAAHH 1A aMMOHUS;

- 00BEM PacTBOPOB JIOBECTH JI0 METKH AUCTHIIMPOBAHHOW BOJIOH U IIEpeMenIaTh.

Ne k01051
5 6 7 8

O6bem FeCls, M
0O6beMm NH4CNS, mur
OnThyeckast IIOT- 1 1 1 1
HOCTB, D 2 2 2 2

3 3 3 3

D D D D
Havams- | Fe*
HBIE
KOHIICH- CNS
Tparuu
PaBHo- Fe3*

BecHble | CNS™
KOHIIEH- | Fe(CNS)
TpaMu | 5
Kc

2. I3MepuTh ONTHYECKUE MIIOTHOCTH PaCTBOPOB.

3. Pe3ynbTarsl 3aHecTH B TaOJIUIly (KOHLEHTPALUU BBIPA3UTh B I-MOJIb/J).

4. Tlonb3ysich TPajlyMpOBOYHBIM I'paUKOM, HAWTH PABHOBECHbIE KOHLEHTPAIMU COJIU
Fe(CNS)3 (r-Momb/11) B HCCIIEyeMBIX paCTBOPAX.

5. PaBHOBecHbIe KOHIIEHTpAllMM HEMpopearupoBaBumx uoHoB Fe* paccumrats 1o

HadYaJIbHBIM KOHHGHTpaHI/IHM MOHOB F63+ nu paBHOBeCHI)IM KOHHCHTpaIII/ISIM pOHaHI/I,Z[a JKEJIe-
sa(lll):

C

Fe**, pasn = CO,F93+ - CFe(CNS)a':PaBH'

6. PaBHOBeCHBIE KOHIICHTPAIIUU POJAAHHI-HOHOB OMPENCTUTh 110 HaYaIbHBIM KOHIIEHTpa-
I[USIM STHX MOHOB U PAaBHOBECHBIM KOHIICHTpanusam ponanuaa sxeneza(lll):
C =C

CNS ™, pasn 0,CNS™~ 3C Fe(CNS)g, pasn *
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7. HauaneHsle KoHIeHTpanun noHos Fe** u CNS™ paccunTath 10 OpMyIe pa3BeicHAS 1
BBIPa3UTh B I-MOJIb/JI.

8. Jlnst 4eThIpeX ONBITOB BBIYMCIMTH KOHCTAaHTY paBHOBecHs K. M3y4eHHOW peakiuu u
HalTHU ee CpPelHEE 3HAaUCHHUE.

9. Ucnonb3ys cpennee 3HadeHue K, paccyntaTh CTaHAapTHOE XUMUYECKOE CPOJACTBO pe-
aKIUH.

TpeboBanusi k oTuery. HanmeHnoBanue paboThl, 11eb pabOThI, KPATKOE OIMCAHHE METO-
JIMKH, 000PYIOBaHUS U X072 pabOThI, pe3yNbTaThl N3MEPEHUI 1 BBIYMCIICHUH ((hopMyIbl, TabnuIa,
rpadyKu), BEIBOBI.

JIABOPATOPHAS PABOTA 5.
TEPMUYECKUI AHAJIN3 CUCTEMbBI ®EHOJI-HA®TAJIMH
Teopernueckas yactb. B 1ByXKOMIIOHEHTHON CUCTEME, COTIIacHO MpaBuiy (a3 'mnbOca
c=k-D+2

B PaBHOBECHM MOXXET OJHOBPEMEHHO HAXOAHUTCS HE Ooliee ueThipex (a3 — HOHBapUAHTHAs CH-
crema (¢ = 0). MakcumasibHOE YHCIIO cTeneHed cBoOobl (mpu @ = 1) paBHO TpeM, T. €. HE
Hapymiast a30BOro COOTHOIICHHSI B TaKOW CHCTEME B OMPECIICHHBIX Ipe/ienax, MOKHO H3Me-
HATH TPH TapaMeTpa COCTOSIHHA (IaBlICHHWE, TeMIlepaTtypy M cocrtaB). [loaTomy st mOIHOTO
OMKCAHUS TUarpaMM COCTOSIHUS JIBYXKOMIIOHEHTHBIX CHUCTEM HEOOXOAMMO HCIOJIB30BaTh IPO-
CTPAaHCTBEHHYIO CHCTEMY KOOpJIMHAT, YTO HE BCeraa yAoOHO. Yarie BCero oJuH U3 MapaMmeTpoB
(maBneHHe WK TeMIiepatrypa) puKcupyercs, U AuarpaMMmy COCTOSIHUS MPEACTaBISAIOT B ABYMEp-
HOM IUIOCKOCTH.

Haubonbiiee pacnpocTpaHeHre MOMYYWIA AUArPaMMBbl IJIaBKOCTH, MEPEIaroIie 3aBH-
CHUMOCTH TEMIIEpPATyp PaBHOBECHS TBEPBIX M )KHUIKUX (a3 (T.e. TeMIeparyp IUIaBJICHUs), a TaK-
e TeMIepaTyp COCYIIECTBOBaHMS TBEPJBIX (a3 OT cocTaBa CHUCTEMBl. Bua nuarpamMm cocros-
HUS 3aBHCHT OT IPUPOABI BemecTB. J(narpaMMbl COCTOSIHUSI, KOMITOHEHTBI KOTOPBIX HEOTpaHU-
YEHHO PaCTBOPSAIOTCS JIPYT B Ipyre Kak B )KUIKOM, TaK U B TBEPJIOM COCTOSIHMSIX, aHAJIOTUYHBI
iarpaMMaM COCTOSTHHSI OMHAPHBIX JKHJIKUX PAaCTBOPOB, NMPH 3TOM O0JIACTH JKUAKOTO PacIuiaBa
MEPBBIX JUarpaMMm OTBEYaeT 00JacTh Mmapa BTOPHIX, a 00JaCTU TBEPJBIX CIUIABOB MEPBBIX — 00-
JIACTH JKUIAKOCTH BTOPBIX H T. JI.

JlnarpamMmy cocTOSTHUSI OMHAPHOTO CIIaBa MOXHO MOCTPOUTD, CHSIB KPUBBIE OXJIAXKICHUS
YHCTHIX METAJJIOB M COOTBETCTBYIOMIMX CIUTABOB. 1T M3MEpEeHUs TeMIepaTyphl CIUIABOB Yallle
BCET0 MOJB3YIOTCA TepMonapamu. TepModIeKTpUYecKre TEPMOMETPHI (TepMONaphl) MpeacTaB-
JSIFOT cOo00i JBa Pa3MYHBIX MPOBOIHHKA, CIIASHHBIX WJIM CBAapEHHBIX OJHUMH KOHIIAMHU (TaK
HA3bIBAEMBIN TOPSIUMN Craif), a IPYyrUMH KOHIIAMU COEAMHEHHBIX C MHJUITMBOJIBTMETpOM. Me-
TAJTMYECKUE TIPOBOIHUKH W30JIMPOBAHBI IPYT OT Jpyra. Mecra CKperuieHus! IPOBOJHUKOB MaphI
C IPOBOJTHUKAMH 1LI€TIH HAa3bIBAIOTCS XOJIOJHBIMU CHAsIMHU. DTU CHaM MOAJICPKHUBAIOT MPH MOCTO-
STHHOM TeMIIepaType.

JleiicTBre TepMomapbl OCHOBaHO Ha TepModjekTpuueckoM rddekre (dddext 3eedeka).
CyTb TepMO3IeKTpUUYECKOT0 3 (PeKkTa COCTOUT B TOM, UTO MEXAY KOHIIAMU MPOBOJIHMKA Ha KO-
TOPBINA HAJIOXKEH T'PaJIMEHT TeMIEPaTypbl BOZHUKAECT Pa3HOCTh MOTEHIIMAJIOB, BEIMYMHA KOTOPOU
3aBHCHUT OT Pa3HOCTH TEMIIEpaTyp Ha KOHIAX W MPHUPOJBI MeTauioB. T. K. TepMonapa cocTaBie-
Ha M3 JIByX pa3HOPOJHBIX MPOBOJHUKOB, TO pe3ynbTupyromas D/]C mponopuunoHaibHa pa3Ho-
CTH TEMIIEpaTyp MEXIAY TOPSYUM CITaeM M XOJIOJHBIMUA KOHIIAMH. JTO CBOWCTBO U IOJIOKEHO B
OCHOBY U3MEpPEHUS TeMIepaTyphl C MOMOILBIO TEPMOTIAPp.

JI1st OCTpOCHHS TMarpaMMBbl COCTOSTHHS TBYXKOMITOHEHTHOM CUCTeMBI (peHona 1 Hadra-
JMHA METOJIOM TePMHYECKOro aHajln3a HeOOXOAMMO MOCTPOUTHh KPUBBIE OXJAKICHUS KaK 4H-
CTBIX KOMIIOHEHTOB ((eHosa 1 HaTallnHa), TaK U UX CMecel B pa3IMYHbIX COOTHOIIEHUAX. [
MOCTPOCHMS 3TOM JUarpaMMbl BIIOJHE JOCTaTOYHO HMCIIOJIB30BaHME HECKOJIBKUX CMECEH COCTaB-
neHHbIX yepe3 10 % Bo BceM BO3MOKHOM JMaNa30HE U3MEHEHUs KOHLEHTpalui. Bee cMecn miist
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BBINOJIHEHUS PA0OThI IPUTOTOBJIEHBI 3apaHee U HAXOATCA B FEPMETUUYHBIX aMITyJlax U3 Hepika-
BEIOIIIECH CTAJIN.

Kaxnyto cMecb HEOOX0IMMO HArpeTh 1O TEMIIEpaTypbl, HA HECKOJIbKO I'PaJlyCOB IPEBbI-
HIAOIIEeH TeMIepaTypy MOJHOTO IUIaBJICHHUS CMECH, YTOOBI HCCIIeAyeMasi CHCTeMa HaXOHIach B
BUJE paciuiaBa. Jlig HarpeBaHus aMIlyJl CO CMECSIMU MOIyJb «TepMUUecKuil aHanu3» HMEeT
HarpeBaTeJIbHBIN AJIEMEHT, NPEJHAa3HAYEHHbIN U1 OJHOBPEMEHHOIO HArpeBaHMsI HECKOJIBKHUX
ammyi. Jlanee He0OXOAMMO MPOBECTH MOCTENEHHOE OXJIAXKACHUE KAKIOW aMIIysbl ¢ PUKCHPO-
BaHUEM 3HAuUEHUsS TEMIIEPATypbl YEpPE3 ONpeAeiCHHbIE UHTEpBabl BpeMeHU. OXJIaX/IeHue aM-
IyJ IPOUCXOAUT B CHELMATIBHOM U3MEPUTEIbHOM Osloke Moays. [t co3aaHuil ycloBui pas-
HOMEPHOTO OXJIQKJCHHUS aMITyJIbl 001yBaOTCSI TOTOKOM BO311yXa. CKOPOCTh OXJIaXIECHUS aMITyJl
3aBUCUT OT TEMIIepaTypbl BO3AyXa B J1a00OpaTopuu, MO3TOMY OXJIAXKJEHHE 10 HEKOTOPOH oIpe-
JIETICHHOW TEMIIEpAaTypbl MOXKET 3aHUMATh PA3JIMYHOE BpeMsA. B CBSA3M C JOCTATOYHO HU3KOU
TEMIIEPATYPOH IBTCKTUKU U3Y4acMON CUCTEMBI OXJIAXKIECHUE CIIEAYET IPOBOAUTH 10 TEMIIEPATY-
pbl 25-26 °C. B HEKOTOPBIX ClTydasix BO3MOKHO IPOSIBJICHUE SIBJICHUSI IEPEOXITAKICHUS pacllia-
Ba. B 3TOM cilydae mporcXoJUT BPEMEHHOE MOHMKEHHUE TeMIIEpaTypy HUXKE TemIeparypsl da-
30BOr0 Mepexojia ¢ MOCIeAYIOUMM HEKOTOPHIM MOBBILIEHUEM TeMeparypbl. OCOOEHHO CUIBHO
SBJICHUE TIEPEOXIIAKACHUS MPOSBIISIETCS B CIIy4ae YUCTHIX BEIIECTB U DBTEKTUYECKON CMECH.

Haunbonee OTBETCTBEHHBIM ATAIIOM BBITIOJIHEHUS paOOTHI SBISIETCS aHATN3 TOJTYYSHHBIX
KPUBBIX OXJIAXACHHsA. B Hamem ciydae KpUBbIE OXJIAKICHHS MMEIOT JIOBOJIBHO CIIOXKHBINA Xa-
pakTep. DTO CBSI3aHO C TEM, YTO IPU CTOJIb HEBBICOKUX TEMIIEpaTypax TPYAHO JOOUTHCS yCIIO-
BUIl PaBHOMEPHOTO OXJIQXJIECHUS CUCTEMBI U 110 MEpPE CHMKEHHUS TEMIIEpPAaTypbl CUCTEMBI CKO-
POCTb OXJIAXK/IEHUS CYILIECTBEHHO CHUYKAETCS, T. K. OHA 3aBUCUT OT Pa3HOCTU MEXAY TeMIepary-
paMy CUCTEMBbI M OXJIAXKJAIOILEro NoToka Bo3ayxa. I1o03ToMy Ha KpUBBIX OXJIaKJEHUS M1EepPErruObl
U TeMIIepaTypHbIe OCTAHOBKH MOTYT UMETh MaJIOBBIpAKEHHBIN XapakTep. Kpome Toro, 06padot-
Ky KPHUBBIX 3aTPYIHSET IIPOSIBICHUE B TOW WM NHOW MEpE NEPEOXJIAKICHNS B CHCTEME.

Ecnu no oxnaxkieHus: cuctemMa HaXxo/Aujach B IOJHOCTBIO PACIIIIaBIEHHOM COCTOSIHUM, TO
HepBbIi eperud yKka3bplBaeT Ha TEMIEpaTypy Hauana KpUCTAITU3AIMH CUCTEMBI (3TOT neperud B
HaIlleM cllyyae BHJIeH HanboJjiee oTueTyinBo). Hannume nocneayromux neperuOoB Wik Temiepa-
TYPHBIX OCTAaHOBOK OyJleT yKa3bIBaTh Ha MOSBIEHHE B CUCTEME HOBBIX (a3. JIroboit meperud umu
TEeMIIepaTypHas OCTAaHOBKA Ha KPUBOW OXJIAX/IEHUS COOTBETCTBYET IEPECEUEHUIO JIMHUU Ha (a-
30B0M auarpamme. Iloaromy s mOCTpoeHMsI AMAarpaMMbl COCTOSIHUSL M3y4aeMOW CHCTEMBI Ha
Hee MePEHOCSTCS BCE BBISIBICHHBIE HA KPUBBIX OXJIAXKACHUS TOUKH. J{JIs1 3TOrO CTOSAT AMAarpaMmy
B KOOpJIMHATaX TeMIIEpaTypa-cocTaB U Jajnee JUlsl KaXI0i U3yuyeHHOH cMecH (COCTaB CMECH CO-
OTBETCTBYET OIPEAEICHHON KOOPAUHATE Ha OCH COCTAaBOB) OTKJIAAbIBAIOTCS TEMIIEpATyphl pazo-
BBIX TEPEX0/I0B, KOTOpbIE ObUIN OINpENeNIeHbl B pe3ybTaTe aHajlnu3a KPUBBIX OXJaXKJIeHHs. Ta-
KUM 00pa3oM, opJuHaTa KaKJ0W TOYKU COOTBETCTBYET TeMIlepaType Hayaja BbISIBICHHOIO (¢a-
30BOT0 Nepexojia Ui onpeAeIeHHO cMecH, a abcuucca — CocTaBy 3TOM cMecH (HampuMep, Mac-
COBOMY IMPOIIEHTY OJJTHOTO U3 KOMIIOHEHTOB).

Jlanee Ha OCHOBAHMM IOJIYYEHHBIX TOUYEK CJIEAYET NMPOBECTH JUHUM auarpammsl. llpu
3TOM CJIEAYyEeT yUecTh BAPUAHTHOCTh CUCTEMBI B TEX WJIM MHBIX 00JIACTSIX U YOeAUThCs, YTO Mpa-
BIWIO (a3 coOmoaeTcs JUIsl Bcex obsiacTei mosyueHHON auarpammbl. Cienyer OTMETHTb, YTO
BO3MOXKEH HEKOTOPBIN 3KCIIEPUMEHTANIBHBIN pa30poc TOYEK U, KpPOME TOr0, METO/ TePMUYECKO-
r'0 aHaJu3a ABJSIETCS KUHETHUECKUM, U, CIIEZ0BATENIbHO, MTOJyUYEHHbIE JTaHHBIE JIUIIb MPHOIHKe-
HO COOTBETCTBYIOT PaBHOBECHOMY COCTOSIHHIO CHUCTEMbI. [103TOMYy BO3MOXHO HEKOTOpPOE OT-
KJIOHEHHE TIOJyUYEHHBIX PE3yIbTaTOB OT TEOPETUUECKH 0>KUIAEMBIX.

eab padoTel. METOIOM TEPMHUUYECKOTO aHAJIN3a MOCTPOUTh AMArpaMMy IIABKOCTH CHU-
cTeMbl (heHon-HaTaInH.

IIpudops! u peakTUBBI. YueOHO-T1a00paTOPHBIN KOMITIEKC «XUMHUSD» B KOMIUIEKTAIIUU
(LLeHTpabHBIN KOHTpOJUIEp, MOIYJb «TepMUuUeckuil aHamu3y), KOMIUIEKT u3 11 ammyn, conep-
Kalux cMecu QeHosa u HapTalrHa pa3iandHbix coctaBoB (0T 10 10 90 %) u aMIynbl ¢ YUCTHIM
(deHonoM 1 HaTaNUHOM.

ITopsinok BbINOJHEHHSI PadOTHI.



22

1. AMIyJbl CO CMECSIMH HarpeBaloT BhIIIE TeMIiepaTyphl miiaBnenus cmeceit (100 °C).

2. 3areM HAYMHAIOT OXJIAXKICHUE aMITyJsl C (PUKCHPOBAHUEM UYepe3 PaBHBIC MPOMEKYTKU
BpeMeHnu (ot 10 1o 30 cekyH) 3HaYCHUHN TeMIIepaTyphl B KaXKI0W aMITyJIe.

3. CTposT KpHBBIE OXJXKACHUS — TpaQUKH 3aBUCUMOCTEH TeMIlepaTyphl B amIysie OT
BPEMEHU OXJIAKICHHUS.

4. ITpoBOAAT aHAIM3 KPUBBIX OXJIAXKJIEHUS U IO Meperndam M TeMIepaTypHbIM OCTaHOB-
KaM Ha rpadukax ONnpeiessitoT TeMIepaTypbl (pa3oBbIX MEPEXOI0B ISl UCCIEAYEMBIX CMECEH.

5. Ha ocHOBaHMM MOY4YE€HHBIX JaHHBIX CTPOAT (Pa30BYIO JHAarpaMMmy CHUCTEMBI (HeHOJI-
HadTaIUH.

6. IIpoBoIAT MONHBIN aHATU3 JUArPAMMBI, IPU 3TOM HEOOXOAMMO: ONPENEIUTh CMBICI
BCEX I10JIeH, IMHUI ¥ TOYEK Ha JuarpamMMe, Olpe/ieuTh TUIl PABHOBECUS MEXy TpeMs dazaMu
(MHBapUaHTHOE COCTOSHUE).

Pabora ¢ yctaHOBKOH.

1. YHuBepcanbHbli KOHTPOJUIEpP MOJKIIOYAETCS K MEPCOHATBHOMY KOMIIBIOTEPY 4epe3
COM-nopTt ¢ MOMOIIIBIO CHENHMATBHOIO COAMHUTEIBHOTIO Kabessl.

2. Ilpu BKJIIOYEHHOM KOHTpOJUIEPE HEOOXOAMMO 3allyCTUTh HpPOrpaMMmy YIIpaBJICHUS
VIJIK «Xumusy» (elsms.exe).

3. B nosBuBmemMcs okHe nHunmanuzanuu («lodpo noxanosate B YJIK») Heo6xoaumo
BbIOpaTh BapuaHT paboTsl ¢ YJIK — «Pabota ¢ koHTpomnepom». Ilpu npaBuibHO nMoacoeMHEeH-
HOM MOJyJie U KOHTpPOJUIEpE clipaBa JOJDKHBI ObITh Hajnucu: « KoHTpomiep akTUBEH» U HUXKE
«Monynb: Tepmuueckuil aHanu3». 3aTeM HEOOXOAMMO BOWTH B mporpammy ympasieHus YJIK
IyTeM Ha)xaTHsi KHONKHU «Bxomy.

4. lanee momajaeM B OKHO yIpaBieHHs Iporpammoil. COOTBETCTBHE MEXIY HU3MEpHU-
TEIbHBIMU KaHAJIAMU U JaTYUKaMH [IPOUCXOJUT aBTOMATHUYECKU, HEOOXOAUMO JIMIIb BKIIOUYUTH
UCIOJIb3yeMble B paboTe 1aTuuKu. B HameMm ciyyae HEOOXOIUMO BKJIIOUUTH BCE IIECTh TEPMO-
JATYHUKOB.

5. YcranoBka temnepartypsl Harpesarens (100 °C) ero BkiItoueHHE U BKIIOUEHHE BEHTU-
JSATOpa MOIYJISl IPOU3BOAMUTCS B IPYIIE 3JIEMEHTOB «VICTIONHUTENBHBIE YyCTPOUCTBAY.

6. Ilocne 3Toro HeoOXOAMMO HACTPOUTH MapameTpbl u3MepeHus. s 3Toro B rpymnme
aneMeHToB «IlapameTpbl U3MEpEeHHID» yCTaHABIMBAEM MyHKT «ABTOMAaTUYECKUM pEeXUM» U yKa-
3bIBAEM MHTEPBAJ MEXKIY M3MEPEHUSIMU B COOTBETCTBYIOLIEM Ioje. YNCI0 M3MEpPEHUI peKo-
MeHayercs yka3ath — 100. [lanee He0OX0qUMO CIEAUTD 3a TEMIIEPATYpPOl B HArPEeBaeMbIX aMITy-
Jax (kaHaibl 5 ¥ 6). AMynbl HarpeBaTh 0 Temrneparypsl 90-100 °C.

7. B xone npoBeneHus: paboOThl KPUBBIE OXJIAXK/IEHUS OJHOBPEMEHHO CTPOSITCS JJIsl He-
CKOJIBKMX aMILyJI, TO3TOMY JUISl KaXJ0M aMIlyJibl yKa3bIBaeTcs ee cocras. /[yt aToro B rpynmne
AJIEMEHTOB «J{ONOTHUTENBHBIN apaMeTp» HEOOXOAUMO YCTaHOBUTH MYHKT «JVIcronb3oBaTh J0-
MOJTHUTENbHBIM apaMeTpy, yopaTh «rajouky» B nojie «OOmuii» U B COOTBETCTBYIOIUX MOJAX
«JlonmomHUTENBHBIN MapamMeTpy JUIsl KaXI0TO KaHala yKa3aTh MPOLIEHTHYIO KOHIIEHTPAIUIO OJI-
HOT'O M3 KOMIIOHEHTOB B amiyie. PasmepHocTh ykassiBaercs B noiie «PazmepHocTs». (Pazmep-
HOCTb HEOOXOJIMMO YKa3bIBaTh TOJIBKO OJIUH pa3.)

8. Koraa temnepatypa B amiryiax npuOIM3uTcs K TpeOyeMoid, MOXXHO HaYMHATh U3Mepe-
Hus. Harperble aMItysibl epectaBiisieM B U3MEPUTEIbHBIA OJIOK M MPOU3BOIUM 3aIllyCK U3Mepe-
HUMl HaxatueM KHomkH «M3mepenue». IlosBUTCS OKHO cocTosiHUS M3MepeHus — «OOMeH JaH-
HBIMHU C KOHTPOJIJIEPOMY, TAe OyAyT OoTOOpa)kaThCsl pe3yJIbTaThl TEKYIIUX HM3MepeHuil. B xone
NPOBE/ICHUS U3MEPEHH B OKHE OyneT oToOpa)kaTbcs KpUBas OXJIAXJIEHHUS B OJHOM M3 aMITyll.
Habmronenue 3a Tekyuieil TeMieparypoil B OCTaJbHBIX aMITyJlax CJeIyeT IMPOU3BOIUTH, Iepe-
KJII04asl KaHaJbl B rpymnne 3JeMeHToB «OToOpaskeHne KaHaIoBy. M3MepeHus HeoOX0IMMO Mpo-
BOJUTH A0 TeMiiepaTypsl 25 °C BO BCeX aMITyjax.

9. Korna Temneparypa B aMmmyiax MmpuMeT TpedyeMoe 3HaueHHe, He0OXO0AUMO OCTaHO-
BUTh U3MEPEHUS IyTEM HaXKaTHUs B OKHE COCTOSIHMS u3MepeHus («OOMeH JaHHBIMU ¢ KOHTPOJI-
nepom») KHONKH «CTomm».
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10. TTocne mpoBeaeHUs IEPBOTO IKCIIEPUMEHTA CIIEIYET MPOJIOKUTH MTPOBEICHHE Pabo-
TBI C OYEPEIHBIMU aMITyJIaMu. /|1 3TOro HeOOXOMMO MEPEUTH B OKHO « YTIpaBJIEHUE)» U HAXKATh

KHOIIKY «TCKYIHee COCTOSIHHCE)). I[anee MOXHO IIPOAOJIKUTH BBIIIOJTHCHHUEC pa6OTBI, Ha4dyuHasi C II.
7.

CocraBbl HccnienyeMbix cmeceit B % (penon/unadramun): 1 — 100/0; 2 — 9010; 3 — 80/20;
4 —70/30; 5 — 60/40; 6 — 50/50; 7 — 40/60; 8 — 30/70; 9 — 20/80; 10 — 10/90; 11 — 0/100.

O0paboTka pe3yabTaTOB IKCIIEPUMEHTA.

1. IlonyueHHBIC PE3yIBTATHI XPAHATCS B MAMITH KOMIbIOTEpa. J[1s1 MOCTPOCHUS KPUBBIX
OXJIQXICHUS] HEOOXOIMMO MPOBECTH OIEPAINI0 Jo0aBiieHUs rpaduka. JJobaBieHne ouepeHOro
rpaduka OCylIeCTBISIETCS MOCIe HaXaTHsl KHONKU «Jl00aBUTh rpaduk» B CHEIUATILEHOM OKHE, B
KOTOPOM OINpEACISIeTCS COOTBETCTBHE MEXKIY KOOpAWHATaMU Tpaduka W TaHHBIMH, TOJTYYCH-
HBIMH Ha WM3MEPUTENBbHBIX KaHAJIaX WM BpEeMEHEM (3HAYCHHEM BaphbUPYEMOTrO MapaMeTpa).
Heo6xoaumo BeIOpath yist ocu abeirce (X) «Bpemsi», a it ocu opauHar (Y) — TpeOyeMblii KaHall.
Taxoke HE0OX0IMMO BBIOPATh HOMEP SKCIIEPUMEHTA, B X0JI€ KOTOPOTO ObLIA MOIy4YeHa O4epe-
Hasl KpuBas OXJIaxkIeHus. Takum 00pa3oM, MbI IIOCTPOUM BCE KPUBBIC OXJIAXKICHUSI.

2. B pe3ynbTare modyYuM NMEpBUYHBIE TPA(QUKH 3aBUCUMOCTH TEMIIEPATYPhl B aMITyJIax
OT BpeMeHU OoxJaxaeHus. ['paduku oToOpaxkarorcs: o ogHoMy B okHe «I'paduxmy». [lepekitto-
YeHHE MEXIy TpaduKaMu OCYIIECTBISETCS HaKaTHEM KHOIOK < M > B MPABOW YacCTH yIPaBIIs-
oniel nmanutpel. TaM e oToOpa)kaeTcsi HoMep TEeKyllero rpaduka U HOMEp DKCIEPUMEHTa, B
X0J1€ KOTOPOTO OH OBbLI MOJyYeH. 3HaYeHUE JIOMOJIHUTEILHOTO MapaMeTpa oToOpaxaeTcs B Ipa-
BOM BEPXHEM YTy Tpaduka.

3. Jlanee HeoOX0UMO ITPOBECTU 00PaOOTKY KPUBBIX OXJIAXKIECHUS U ONPEICIIUTh TEMIIE-
paTypbl Hauana (a30BBIX MEPeXo10B. Bce oTMeueHHbIE TOUKH aBTOMAaTHYECKU OYIyT HepelaHbl
Ha CyMMAapHBIA PE3yIbTUPYIOMNNA IpaduK, €CIU MOCTaBUTh «TaI0UYKy» B mojie «3Mmepenus Ha
CYMMapHbIi rpaduK».

4. Nanee B okHe «['padukm» HEOOXOAMMO BBIOpaTh U3MEPUTENIbHBIN HHCTPYMEHT «IIpHU-
LIeJ1», PACHOJIOKEHHBIM Ha yHpaBisioNieil nanuTpe B BepXHel yacTu rpauka, U OTMETUTH (J1e-
BOIl KHOIIKOM «MBIILIKM») TOYKH H3JIOMOB Ha KPHUBOM OXJIaXJECHUS WIM TeMIepaTypHbIE OCTa-
HOBKHM. Ha pucynke npuBeneH nmpumep oOpaOOTKM TUIMYHOW KPUBOM OXJXKICHMS. Y IalIUTh
OIIMOOYHO YCTAaHOBJIEHHBIE TOUYKH MOKHO, Ha)KaB MPaBYI0 KHOIKY «MBIIIKW» TOCJE MO3UIHO-
HUPOBaHUA Kypcopa Ha TpeOyeMoi TouKe.

B ciyuae ecin mposBiIsSieTCsl CyLIECTBEHHOE MEPEOXIIaKICHHE, TO MOPSA0K 00paboTKU
HECKOJIBKO YCJIOXKHsETCs. /I MonydeHus] NpaBUIBHBIX PE3YJIbTaTOB CIEAYET 3KCTPAINOINPO-
BaTh y4aCTOK KPUBOHM OXJAXKIACHMs, HAXOJALIEICS Mocie MepeoxXiaaxkIeHus, 10 y4acTKa, HaXxo-
JIIETocs 10 NMEePEOXJIAXKACHUS, C TIOMOIIBIO HHCTpyMeHTa «JIunelika». Ilepeceuenne aTux iam-
HUN OyJeT yka3plBaThb HAa TOYKY, B KOTOPOW MoJKeH Obul HayaThesl (a3oBblii mepexon. s
y100CcTBa MPOBEJCHUS TOCTPOCHHUS MOKHO YBEITUUUTh MHTEPECYIOLIUI yUacTOK.

5. Ilocne TOro Kak OTMEYEHBI BCE TOUYKM HA KPHUBBIX OXJIAXJECHHUS, MOJYyUYEHHYIO JHa-
rpaMMy MOXKHO TOCTPOMTH B OKHE «Pe3ymbTary. [t 3TOro HE0OXO0IUMO HA3HAYUTH COOTBET-
CTBHE OCH a0CITMCC CyMMapHOTo rpaduka cocTaBaMm cMmeceil ucciemyeMoit cuctemsl. [lomyuen-
HbIE TpaQUKU MOTYT OBITH pacrieuaTaHbl Ha MPUHTEPE C COXpPaHEHHWEM BBIOPAHHOTO MaciiTada u
aneMeHToB odopmiieHus. i 3Toro HeoOXOoAMMO TIEPEUTH B OKHO «OTYET» M BHIOpATh TpeOye-
MBI€ JUIS MTe4aTu rpaduku.

TpebdoBanus k ordery. HarimeHoBanue paboThl, 11e7b padOThl, KPaTKOE OMHMCAHUE METO-
TIKH, 000pyIOBaHUS U X0J1a pa0OTHI, pe3yJIbTaThl U3MEPEHUM U BEIYUCTICHUH (TpagyKH ), BBIBOJIBL.

JIABOPATOPHASI PABOTAG.
OINPEAEJEHUE MOJISIPHOU MACCBI PACTBOPEHHOI'O BEIIIECTBA METO/I0OM
KPMOCKOIINN
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Teoperuveckass yactb. Temneparypa 7y, TP KOTOPOM HAYMHAETCS KPUCTAILIU3ALMS
(3amep3aHue) pacTBOpa, HIKE, YeM pacTBOpUTENS Tip(1). i1 pa3daBiieHHBIX PaCTBOPOB HEIJIEK-
TPOJUTOB NOHMKEHUE TEMIEPaTyphbl KPUCTAILTU3ALNN PACTBOPA CBSI3aHO C MOJISUIbHON KOHIICH-
Tpamueir M (MOJIB/KT) COOTHOIIICHUEM:

ATy =Tip — Tipr) =K - m,

rne K — kpuockonmueckas nocrossuuas pactsoputens. st Boasr K = 1,86 kr K/mons. B
CBOIO OY€pe/b, MOJSUIBHOCTh PacTBOPa HAXOAUTCS 10 popMmyJie:

M= 1000-9, |

M 201

rzne g1 — Macca pacTBoputens, a g2 1 Mz — Macca U MoJisipHasi Mmacca (B I/MOJIb) pacTBO-
peHHoro BemecTBa. Mcxons u3 ¢opmy MOKHO HaTH Mo:
_K 1000-g, .

2 AT, g,
Kp

Heab padorbl. O3HAKOMUTHCS ¢ KPUOCKOIIMYECKUM METOJOM OIpEeeiIeHHs] MOJIIPHOU
Macchl pacCTBOPEHHOIr0 B BoJie BemiecTBa. OnpeneanTbh KPUOCKOIIMYECKUM METOAOM MOJIIPHYIO
Maccy HEdJIEKTPOJIUTA.

IIpudops! n peaktusBbl. Kpuockon, Tepmomerp bekmana, numnerka Ha 25 uinu 50 mu,
MOYEBHHA, JIE].

IMopsiiok BbINOJIHEHUS PadOTHI.

1. Cobupatot kpuockor (pucyHoOK 1), cocTosIui U3 CTeKITHHOTO cocya (1), 3aKkpbITOro
KpBIIIKOU (2), B KOTOpyro BcTaBisiercss mpobupka (3) m memanka (4). IIpoOupky 3akpbIBaroT
po0OKoii (5), ckBO3b KOTOpYIO MponyieH Tepmometp bekmana (0,01 °/nen) (6) u memanka (7) B
(dopMe KoJIbl1a, 0XBaThIBAIOIIETO TEPMOMETP.

2. Cocyn (1) mpumepHo Ha 2/3 oObeMa 3aMoNHSIOT OXJIATUTEILHON CMEChIO U3 Jibja (WIn
CHEra), BOJbI U XJIOpUa HATPHSI.

3. C nomomipio 1abopaHTa HAacTpauBalOT TepMoMmeTp bekmaHna TakuM 00pazom, 4TOOBI
YpOBEHb CTOJOMKA PTYTH pacroyiarajics B BEpXHEW 4YacTU YCIOBHOM TEeMIEpPaTypHOH ILIKAaJbl,
OPUMEPHO MEXIY 4 U 5 JIeNeHUSIMU IIKAJIBI.

Pucynok 1 — Kpruockon

4. B3BemuBaroT MPOOUPKY, 3aTEM HAIMBAIOT TUCTHJIIMPOBAHHOM BOJBI 1O METKH, OIpe-
JeNSAI0T Maccy mpobupku ¢ Boaoil. Ilo pasHuile Macc OINpenensioT Maccy pacTBOpUTENs Ji.
Bcerapnsior B mpobupky tepmomerp bekmana M KobIe0Opa3Hyt0 MeIaiKy, HOrpyKaroT Ipo-
OMpKY B OXJIaJUTEIBHYIO CMECh.

5. IlepememnBas OXJIAIUTEIBHYIO CMECh M OJHOBPEMEHHO MEIJIEHHO IOKa4WBas Me-
manky (7), HabIOJaloT 3a MOHWKEHUEM TeMIepaTypbl pacTBopuTens. IlosBaeHne nepBbIX Kpu-
CTaJUTMKOB JIbJIa OTBEYAET MOBBIIIEHUIO TeMnepaTypbl Boabl Ha 0,2-0,3°. B xone nocneayromero
MHTEHCUBHOIO ME€PEMEIINBAaHUS PACTBOPUTENS JOJDKHO HAOMIOAAThCs YBEIMYEHUE KOJINYECTBA
KPUCTAJIJIOB U UX POCT, TEMIIEpaTypa e OCTaeTcs HEeM3MEHHOM. JTa TemnepaTypa u OyJeT uc-
KOMOM TeMIlepaTypoil KpUCTAJUIN3ALUN pacTBOPUTENS Txp(1), BBIPAXKEHHOW B Irpaycax yCIOBHON
mKajibl TepMoMeTpa bekmana.

7. BeiHUMas poOUpPKY BMECTE ¢ TEPMOMETPOM M3 KpUOCTaTa, HArpeBaroT ee PyKoi, HO
JIMIIB 0 MOMEHTA MOJIHOIO MCYE3HOBEHMsI KpUCTAILIOB JibAa. CTosOuk Tepmomerpa bekmaHna He
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JOJKEH TPU 3TOM BBIMTH 3a Mpeaesnbl Kaiabl. BHOBb BBOAST MpOOUPKY C pacTBOpPUTENIEM B
KPUOCTAT ¥ MOBTOPSIOT OIBIT MO II. 5.

8. OTMepsIOT Ha aHATUTHUYECKUX Becax HaBecKy u3yyaemoro BemectBa g2 = 0,2-0,3 r.
W3BriekaroT mpoOUpKy ¢ TepMOMETpOM bekMaHa M3 KPHOCKOIMA, JTOOMBAIOTCS HCYE3HOBEHUS
KPUCTAJUIOB JibJia U BBOJST HABECKY B pacTBOpPUTENb. [[al0T BEECTBY MOJHOCTBIO PACTBOPUTH-
csl.

9. OnpenenstoT TEMIEPATYPY KPUCTAILUIM3ALMH pacTBOpa Txp COTJIACHO YKa3aHMSM ILIIL. 5
u 6. HaxonsT cpeqnue 3HaueHus: TeMIepaTrypbl KpUCTAUIM3AUU pacTBOPUTENS Txp(1) U pacTBo-
pa Txp.

10. OnpenensitoT ATxp.

11. PaccunThiBatoT MOJISIpHYIO Maccy M2 M3y4aemMoro BEIIECTBA. 3HAas €ro MCTUHHBIN
XMMHYECKHUM COCTaB, OLIEHMBAIOT MOTPEIIHOCTh KPUOCKONMMYECKUX M3MEpPEHU. DOPMYIIUPYIOT
BBIBOJIbI, 0(OPMIISIOT paboTYy.

TpedoBanus k oryery. HaumenoBanue pabotsl, 11e1b pabOThI, KPaTKOE OIMMCAHUE METO-
JIMKH, 000pyIOBaHUS U X0Ja PabOThl, Pe3ybTaThl U3MEPEHHI 1 BbIYUCICHHUH ((hOpMyIIbI), Orpeie-
JICHUE OIMOOK N3MEPEHUIA, BHIBOIBI.

JIABOPATOPHAA PABOTA 7.
KOPPO3UMA U BAIIUTA METAJIJIOB

Teopernyeckas 4acThb.

OmnbIT 1. 3amUTHBIE OKCUAHBIE IUIEHKU U UX UCIIBITAaHUE

HekoTopele okucnuTenbHble INIEHKH, 00pa3yIolUecs B pe3yibTaTe KOppo3uu, 3alluiia-
IOT METaJlI OT JaJbHEeHIero ero paspymenus. OHM MOJy4aroTCsl IPU HarpeBaHUU METAIJIOB, a
TaKXe MPH crienuanbHoi 00padoTke. [101b3ysach ITUM sIBICHHEM, YacTO CO3JAI0T MCKYCCTBEH-
Hble MIeHKU. OOpa3oBaHME TaKMX IUICHOK Ha3bIBaeTCsl OKcuaupoBaHueM. OKCUAMPOBAHUE HE
TOJIBKO UTpaeT 3allUTHYIO POJib, HO M MPUJIAET U3JIEIHUSIM KPAaCUBYIO OKpacKy. ITOMy Mpoleccy
IIOJIBEPTaIOT U3/EIUS U3 CTAIU, AIIOMUHUS U €T0 CIIJIaBOB, LINHKA U €r0 CIUIaBOB!

Hean padoTel. M3yuuTh KOPPO3MOHHYIO YCTOMYUBOCTh OKCUIHBIX TUIEHOK. O3HAKOMUT-
Cs C IpUMEpaMH JJIEKTPOXMMHUYECKON KOPPO3MH M HEKOTOPBIMHM METOJaMu 3aiiuThl. O3HaKo-
MUTBCS C IJIEKTPOXUMHUECKUMHU MPOLECCaMU KOPPO3UH METAJNIOB B HEUTPAJIbHBIX CpeJiax.

Oo0opynoBanne n peaktuBbl. CTanbHas IUIACTUHKA, IITaTUB C JIEP/KATENIEM, TOPEIKA,
0,1 M pactBop CuSOs4 - 5SH20.

ITopsinok BbIMoJIHeHUst padoTbl. OO0pazoBaHKe IUIEHKM HAa MOBEPXHOCTH MeTajila Ipu
HarpeBaHUU CTAJbHOM MIACTUHKH MOKHO OOHApYXHUTh IO MOSBIECHUIO TaK Ha3bIBAEMbIX I[BETOB
no6exanoctu. CTajabHYIO MIACTUHKY ATUHON 25-30 cM, mupuHoit 1,5-2 cM TIIATeTbHO OYHMIIa-
I0T HaXJAauyHOW Oymaroil, oJJuH KOHeI| IUIaCTUHKU 3aKHMaloT JIep’KaTesleM IITaTHBa, a APYrou
MOMEIIAIOT HaJ IIaMeHeM ropenku. I1o Mepe HarpeBaHusl INTACTUHKY Ha HEW MOSBIISAIOTCS LIBETA
noOexainocty. [locie 3Toro mIacTUHKY CHUMAIOT € OTHs U oxJaxaarT. Ha oxnaxaeHHyto mia-
CTHHKY 4epe3 KaXk/ple 2 CM 10 JJIMHE IJIACTMHKU HaHocAT no kamie 0,1 M pactBopa menHOro
kynopoca. [To ckopocTu nosiBiieHHss MEAHOTO MATHA CYAST O 3alIMTHBIX CBOMCTBAX Pa3IMYHBIX
YYacCTKOB OKCHJIHOM IUIEHKH, 00pa3yloIiencs Ha MeTalie.

OmnbiT 2. OKCUIUpPOBaHUE

OxcuaupoBaHUE CTAIBHBIX M3/EIHH MPOBOAAT ABYMS CIIOCOOAMHU: MOKPBIM, MJIM XUMH-
YECKUM, U CyXUM, KOTOPBII Ha3bIBAETCS €Ille TePMUYECKUM criocoOoMm. [l mosrydeHus 3auiuT-
HBIX IJICHOK Ha U3JENUAX U3 XKeJe3a Hanbosiee MUPOKO MPUMEHSIOT XUMUYECKUH CI10co0.

XUMHYecKoe OKCUAMPOBAHHE MPOBOJAT B pacTBOpaxX WLIEJIIOYH, K KOTOPHIM JOOaBISIOT
HUTPATHl U HUTPUTBHI LIETOYHBIX METAJJIOB.

O6opynoBanne u peaktuBbl. PactBop, cocrosmmii u3 800 r/m NaOH, 50 r/m NaNOs n
200 r/n NaNOg, crasibHbI€ TUITACTUHKH, OYUILEHHBIE OT 3arpsi3HEHUS U JKUPA.

IMopsinok BbIMOJIHeHWsI padoThbl. HarpeBaroT MpUrOTOBICHHBIA MJISI OKCHUIWPOBAHUS
pacTBOp 10 KMIIEHMSI U OIyCKAIOT B HETO CTaJIbHbIE IJIACTUHKU Ha 20-40 MUHYT, MOKa U3aenHe
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HE NPHOOPETET KPACUBBIM YEPHBIN LIBET C CUHEBATBHIM OTTEHKOM, MOCJE 3TOr0 BBIHUMAIOT IIa-
CTHUHKU U3 PACTBOPA, TIIATEIbHO IPOMBIBAIOT MX.

CpaBHUBAIOT 3aILUTHBIE CBOMCTBA OKCUIUPOBAHHBIX IUIACTUHOK C INIACTUHKAMH HEOKCH-
JUPOBAaHHBIMM, JUUISl YETO NOMELIAIOT HA MMOBEPXHOCTH OKCHJIMPOBAHHON M HEOKCUAMPOBAHHOMN
m1acTuHOK 1o karuie 0,1 M pacTBopa MeqHOro Kynopoca ¥ OTMEYaroT BpeMsl MOSBICHUS MEIHO-
o MATHA.

OmnpIT 3. XUMHUYECKOE OKCUIMPOBAHUE AITFOMUHUS

OOopynoBanne u peakTuBbl. [1acTuHKa U3 aIFOMUHUS WIK €TO CIUIABOB, PACTBOP IS
XUMHUYECKoro ooe3xupuBanus, 1 1 kotoporo couepxkuT 50 r NasPOs, 10 r NaOH, 30 r xuakoro
CTEeKJIa, pacTBOp M okcunupoBanus, coaepxammii B 1 1 50 r NaxCOs, 15 r Na:Cr.07 wnu
K2Cr207, 2 r NaOH.

Ilopsinok BbInoJIHEHUs1 pa0OThI. AJIFOMUHHUEBBIE INIACTUHKY MOTPY’KAIOT HA 3-5 MUHYT
B pacTBOp s o0e3kupuBaHusi, HarpeThid 710 50-60 °C, mocie yero mpoMbpIBalOT CHavyaja B To-
psideit, a 3aTeM B XOJIOAHOHN BOJIE.

IIpoMBITBIE TUTACTMHKM MNOTpy’KaroT Ha 5-30 MHMHYT B PacTBOp sl OKCHAMPOBAHMI,
HarpeTsiii 10 85-100 °C, 3areM TIIATENBHO MIPOMBIBAIOT U BhICyIIMBatOT. Ha nmoBepxHoctu muia-
CTMHKH [TPOMCXOTUT 00pa30BaHuE 3aIUTHOMN IJICHKH.

OmpiT 4. Koppo3usi OLIMHKOBAHHOTO JKeJie3a U JIY)KEHOU JKeCTH

B nensx 3ammuThl CTAJIBHBIX U3LEIUN OT KOPPO3UU MX IOKPBIBAIOT LIUHKOM HJIM OJIOBOM.
IlepBbIil poLiece Ha3bIBAECTCS LIMHKOBAHUEM, & BTOPOU — JIy’)KEHHUEM.

OnOBAHHBIE U HUHKOBBIE OKPBITUSA 110 CBOEH IEKTPOXUMUYECKOW MIPUPOJE Pa3INYHBbI.
B anektpoxumMudeckoM psy HanpsKEHUH METaIOB IUHK CTOMT JIEBEE JKEJ€3a, a 0JIOBO — Ipa-
Be€; CJII0BATENIbHO, IIMHK 00Jiee aKTUBEH, YEM JKeJIe30, a 0JI0BO — MeHee. [Ipu nmokpbITuu xee-
3a HUHKOM I0JIy4aroT rajlbBAHUYECKYIO Mapy, TJ€ KaTOAOM CIIy>KUT JKeJe30, a aHOJOM IUHK, T.
€. LIMHK B pacTBOPE JIEKTPOJIUTa OyAeT pacTBOPSTHCA, @ Ha KaToe — JKeye3e — Oy1eT BhIAeATh-
Csl BOJIOPOJI.

Jly»keHas )KeCThb TaKKe MPEJCTABIAET cO00H ralbBaHUYECKYIO Mapy, I71€ aHOJJOM CIIY>KUT
xeine30. CinenoBaTeNbHO, B paCTBOPAX KUCIOT KeJie30 OyJeT pacTBOPATHCS, @ Ha KaTOJe — OJI0BE
— OyIyT CKaIlJIMBaTbCs 3JEKTPOHBI U MPOUCXOJIUTH Pa3psiKeHUE MOHOB Bojaopoaa. I[lostomy B
clly4ae pa3pylLIeHHs 3alMTHOTO MOKPBITHSI MPOLIECChl KOPPO3UH OLIMHKOBAHHOTO JKele3a U JIy-
YKEHOW KECTH Pa3IMYHBI.

Oo6opynoBanue u peakTuBbl. OuH cTakan eMkocThio 200 M1 1 1Ba crakana Ha 100 mu,
KOHLIEHTPUPOBAaHHAsl CEpHasl KUCIIOTA, KOHIICHTPUPOBAHHBIM pacTBOP KPAaCHOW KPOBSHOM COJIN
K3[Fe(CN)e], minacTiHKH CTalbHbIC, IMHKOBBIC M OJIOBSHHBIE.

ITopsinok BbIMOTHeHHs padoThl. B cTakan emkocThio 200 M HaIMBaKOT JUCTHIUIMPO-
BaHHYIO BOJy, K Hel 100aBistoT 20 Kameiab KOHIEHTPUPOBAHHOIO PAacTBOpPA CEPHOU KUCIOTHI U
4-5 xanenp pacTBOpa KpacHOM KpOBsHOW cosn. PacTBOp pa3MemnBaioT U pa3jinBalOT IOPOBHY B
JBa apyrux crakada Ha 100 mui. B 0uH M3 HUX NOTPY’KArOT CTANBHYIO IUIACTUHKY C MPUCOEIH-
HEHHOM K Hell MIacTUHKON (KyCOYKOM) IIMHKA. B mpyroil ctakaH morpykaroT TaKylo K€ CTajlb-
HYIO IJIACTUHKY, COEIMHEHHYIO C IJIACTUHKOM oJjioBa. Yepe3 HEKOTOpOoe BpeMs >KUJIKOCTh B CTa-
KaHUYHMKE C IUIACTUHKAMU U3 CTaJM U 0JI0BA OKPAIIMBAETCA B CHHUN LIBET, MEXYy TEM B PacTBO-
pe, re HaxoAsTcs CTajb W LMHK, U3MEHEHUs OKpacku He HaOmionaercs. CuHee OKpallliBaHUE
IEpBOT0 pacTBOpa 0OYCIIOBIEHO 00pa3oBaHHEM TYpHOYJIEBOM CHHHU B pe3yJsibTaTe B3auMOJEi-
CTBHsI HOHOB €Je3a C KPaCHOM KPOBSIHOM COJIBIO:

2K3[Fe(CN)e] + FeSO4 — Fes[Fe(CN)g]2 + 3K2SO4

Bo BTOpOM Cilydae mpoMCXOAUT pacTBOPEHHE HE Keie3a, a [IMHKA, KOTOPhI o0pa3yeT ¢
KPacHOM KpPOBSIHOHM COJIbIO MaJIOpaCTBOPUMOE KOMIUIEKCHOE COEMHEHNE OJeTHO-KEITOro IBe-
Ta, IOATOMY 37IeCh HE U3MEHSETCSl OKpacKa pacTBopa.

W3 aroro cienyer, 4ro jKEIe30 MOXKHO NMPEAOXPAHUTh OT KOPPO3UU IIyTEM COEIMHEHUS
ero ¢ 0ojiee aKTUBHBIM METAJIIIOM, HAllpUMEp ¢ LIMHKOM. Takoi MeToJ 3allluThl Ha3bIBAETCS MPO-
TEKTOPHBIM, U €r0 4acTO PUMEHSIOT B TEXHHUKE.

OmnbiT 5. Koppo3us MeTaioB B BOJIE U B BOJIHBIX COJIEBBIX pacTBOpax
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OobopynoBanue u peakTuBbl. U-00pa3Hasi CTEKIsSHHAsA TPyOKa, IIMHKOBAs M JKEJIe3Has
IacTHHKKN pazmepoM 20X50X2 MM, mpoBoIOKa MeaHasl, IIMHKOBAs, JKese3Hast; dpapdopoBas 4a-
IIEYKa,
3-IIPOIICHTHBIA PAcTBOp XJOpHIA HATpusi, pacTBop (eHondTanenna, pactsop 0,2 r KpacHOM
kposstHoit conn Ka[Fe(CN)s] B 200 M1 BOIBI.

Iopsinok BeinoiHeHus1 padoThl. Koppo3us B BoJe U HEHTPAIbHBIX BOIAHBIX PACTBOPAX
B IIPUCYTCTBUH KHCIOPOAA IPOTEKAET Ha aHOJIE:

4MeO + nH20 — 4Me* ' nH20 + 4¢,

Ha KaToje:

2H20 + Oz + 48 — 40H".

Ha xaToaHbIX yyacTKax HaKaIIMBAaOTCA THIPOKCHUI-UOHBI.

A. CoGupatot npubdop, Kak yka3aHo Ha pUCyHKe 1.

B onHo xoneHo U-o0pa3Hoii TpyOKH, 3a110JIHEHHOM 2-IIPOLIEHTHBIM PACTBOPOM XJIOpH A
HATpHS, TOTPYXKAIOT CBEKE3AUHUIICHHYIO IIMHKOBYIO IUIACTHHKY, B JIPYTro€ — MEIHYIO, TaKXke
peBapuTeNbHO 3aunileHHy 0. O0e MIaCTUHKU COEANHSAIOT MEIHOW IPOBOJIOKOM.

Pucynok 1 — [Ipubop st npoBeieHns: KOPpO3UU B HEUTPaAIBHOU cpesie

B o06a kosnena TpyOoku n1o06aBisroT 1o 2-3 karu ¢penondranenna. Yepes 0,5-1 yaca Bozie
MEIHOTO AJIEKTpo/a (KaToa) HabII0Aal0T OSBICHHE MAIMHOBOM OKPACKH.

b. UToOb! OOHAPYXUTh KAaTOJHbIE M aHOJHBIE YYaCTKHM MPU KOHTAKTE JBYX METAJIOB, K
3-TIPOIIEHTHOMY PAacTBOPY XJIOPHAA HATpHUs JOOABISIOT HECKOJBKO Kamenb pactBopa 0,2 1/200
w1 kpacHo# kpostHoi comu Kz[Fe(CN)e] u 5-6 kamens denondpranenta. 3ateM B pacTBOp MO-
Ipy’KaroT MEIHBIN CTepKeHb, OOBUTHIN jkee3H0M npoBosiokoil. Ha menu uepes 2-3 MUHYTHI 1TO-
SBJISIETCSA KPAaCHOE OKPALIMBAaHUE, a Ha JKeJle3e — TEMHO-CHHEE.

311ech Kene30 — aHOM; CIIeN0BATENbHO, B PACTBOP TIEPEXOAAT HOHBI Fe?*, KoTopkie, B3au-
moxetictBys ¢ K3[Fe(CN)g], 06pasyror conb — TypuOyaeBy cunb Fes[Fe(CN)s]e.

CuHee oKkpamMBaHHe YKa3bIBaeT Ha HAIMYHE B PACTBOPE MOHOB JKEJe3a B Pe3yIbTaTe ero
pacTBOpeHHsl (KOpPpO3MH), a MaJMHOBOE OKpalllMBaHME — Ha HaJM4ue HM30bITKa THUAPOKCHI-
MOHOB, KOTOPBIE TOSIBISIFOTCS B PE3YJIbTAaTe BOCCTAHOBIICHHSI KHCIOPOIA.

TpeGoBanus k oruery. HanmeHnoBaHue paboThl, 11e1b pabOThI, KPAaTKOE OMHUCAHUE METO-
JIMKA, 000PYIOBaHUS U X012 pabOThI, ypaBHEHHUS KATOAHBIX ¥ aHOIHBIX MPOIIECCOB, BBIBOIBI.

JJABOPATOPHA PABOTA 8.
OITPEJEJIEHME KOHCTAHTBI CKOPOCTHU 1 DHEPT I AKTUBAIIMN PEAKIINI
OKMCJIIEHU HO)IOBO)IOPOJIHOPI KHUCJIOTHBI ITEPOKCHUJIOM BOJIOPOJA

XUMHUYECKUE PEAKIUU Pa3JeNs0T Ha TOMOT'€HHbIE U TeTeporeHHble. K roMOreHHbIM OT-
HOCAT TaKue€ PEaKifu, MPU KOTOPBHIX KaK MCXOJHBIE BEIIECTBA, TaK U MPOAYKTHI MX B3aUMO/IEH-
CTBUSI HAXOJAATCA B OJTHOW U TOH ke (aze — B ra3000pa3HoOi WM kuakoi. ['ereporeHHBIMU pe-
aKIMAMHU HA3bIBAIOTCA TaKHE PEAKIUU, MPU KOTOPBIX pearupyroniue BENIECTBA HAXOAATCA B pa3-
JTUYHBIX (Dazax, a caMm MpoIecc XUMUYECKOTO MPEeBpaIlleHus] TPOTEKaeT Ha TPAHUIIE pa3fieia dTHX
¢da3. CKopocTh XUMUYECKON PEAKIIMU 3aBUCHUT OT TaKWUX YCJIOBHUH, KaK KOHIICHTPAIIUS pearupy-
IOIUX BEIIECTB, TEMIIEPATypa, IPUCYTCTBUE KaTanu3atopoB. OQHAKO 3TH (aKTOPHI BIUSIOT Ha
CKOpPOCTh TOMOT€HHBIX M T'€TePOre€HHBIX peakluil mo-pazHomy. [loaToMy mpu M3ydeHUH CKOpO-
CTU PEaKUMU BCET/IA YUYUTHIBAIOT PA3jnunue MEKIYy dTUMH JIBYMS TUIIAMH XHUMUYECKHUX MPOLIEC-
COB.
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OnauM u3 GakTOpOB, BIUSIOMIMX HA CKOPOCTHh OOJBITHHCTBA TOMOTEHHBIX PEaKIuii, MO-
JKET OBITh KOHIICHTPAIHS pearnupyronux BemecTB. C TedeHneM BpeMEHU CKOPOCTh XUMHUYECKON
PEeaKIMK U3MEHSETCS, T. K. HK3MEHSETCS] KOHIIEHTpaIus pearupyromux Bemects. OObBIYHO pa3iim-
AT CPETHIO M UCTHHHYIO CKOPOCTH peakiuu. [[puOImKeHHO CKOPOCTh XMMHYECKOW peak-
W U3MEPSAETCS KOJTUYSCTBOM BEIIECTBA, BCTYIHUBIIETO B PEAKIIMIO MJIM 00pa30BaBIIETOCS B pe-
3yJIbTaTe PEaKlMK 3a eIUHUIY BpeMeHU. [Ipu 3TOM KOHIIEHTpALMIO IPUHATO BBIPAXKATh B MOJISIX
Ha JIUTp, a@ BpeMs — B MUHyTax. CpeHel CKOPOCThIO PEeaKIMK HA3bIBAIOT OTHOIICHUE YMEHBIIIC-
HUS KOHILIEHTPAIMM MCXOJHOTO BEUIECTBA WJIM YBEJIIMYEHUE KOHLEHTPAIMU MPOIYKTOB PEAKIIUU
KO BPEMEHHU, B T€UCHHE KOTOPOTO ATO YBEIWYCHHE WJIM YMEHbIIEHHWE Ipousonuio. Tak, eciu
KOHIIEHTPAIIMIO MCXOHOTO BElIecTBa KO BpeMeHH t1 0003HaunuTh OykBou Ci, a KOHIICHTPAIUIO
Ko BpeMeHH t2 0603HaunuTh C2, TO CPEIHSSI CKOPOCTh PEAKIIMU OyIeT BRIPAKATHCS YPABHCHHUEM:

V= G=C

tl _t2

HcTUHHON CKOPOCTBIO pEaKIMU Ha3bIBACTCS M3MCHECHHME KOHIICHTPAIlMM MCXOIHOTO Be-
HIECTBA 32 OECKOHEYHO MaJIbId MPOMEXKYTOK BPEMEHHU, YTO MOKHO BBIPA3UTh CICAYIOIIUM ypaB-
HEHUEM:

dC

Vo= Tl

3HaK «MHUHYC» B TIPaBOM YacTU MPHUBEICHHOTO BBIIIE YPABHEHUS MOKA3bIBACT, YTO KOH-
LEHTpAaIUsl pearupyroIIuX BEIIECTB YMEHbIIIACTCS, CIIC0BATEIHHO, M CKOPOCTh XUMHYECKOU pe-
aKIIMH BCE BpeMsl YOBIBACT.

3aBUCUMOCTBH CKOPOCTH XUMHUYECKOH peakiuu A + B «<» C oT KOHIICHTpAllMKM pearupyro-
HIET0 BEIIECTBA MOKHO BBIPA3UTh YPaBHEHUEM:

v = Kk[A][B].

3nech [A] u [B] — KOHIIEHTpAIIMK HCXOTHBIX BemIecTB; K — KOA(PGHUIMEHT mPOHOPIHO-
HanbHOCTH. Koa(uiimeHT mponopuoHanbHOCTH HE 3aBUCUT OT KOHIICHTPAIUH pearupyromumx
BEII[ECTB, €r0 HA3BIBAIOT KOHCTAHTOM CKOPOCTH peakiuu. BenmnunHa KOHCTaHTBI CKOPOCTH peak-
LMW 3aBUCUT OT MPUPOJIbI PEATHPYIOLIUX BEIIECTB, TEMIEPATYPhl U MPUCYTCTBUS KaTaIU3aToOpa.
YucneHHoe 3HAYCHHE KOHCTAHTHI CKOPOCTH PAaBHO KOJUYECTBY BEIIECTBA, MPOPEArupOBaBIIETO
3a €IMHUILY BPEMEHHU NPU KOHLEHTPAMU UCXOJHBIX BEIIECTB, PABHON €IMHUIIE.

KoHcTanTa CKOpPOCTH XUMHUYECKON peakiMM MOKa3bIBaeT, Kakas JI0Js U3 OOIIero yucia
COyJlapeHui MOJIEKy]1 BemecTB A U B mpuBoAUT K XUMHUYECKOMY B3aumojieicTBHI0. Ecian peak-
LU0 OCYUIECTBIISIFOT ITyTEM CTOJKHOBEHHS OJTHOM MOJIEKYJIBI A C OJTHOM MOJIEKYJION B, To uncio
CTOJIKHOBEHUH, a, CJIeI0BATENIbHO, CKOPOCTh peaKInu Oy1eT MPOMOPIIMOHATIbHA KOHIICHTPAIIUSIM
BemectB A u B. Ecnu juisi XuMU4ecKoro mpekpamieHus: HeooXoaumMo, 4ToObl OJHOBPEMEHHO
CTAJIKUBAJINCH MO JIBE WU MO TPH OJWHAKOBBIE MOJEKYJBI, TO CKOPOCTh PEaKIHH OyIeT Ipo-
MOPIIMOHANIbHA KBAJIpaTy WJIM COOTBETCTBEHHO KyOy KOHIIEHTpaIluu 3TOoro BemiecTsa. [lo uncmy
MOJIEKYJI, YYaCTBYIOIIMX B KaXXJIOM JJIEMEHTApPHOM aKT€, PEaKLUHU Ha3bIBAIOTCS MOHOMOJIEKY-
JSIPHBIMH, OUMOJICKYJISIPHBIMU, TPUMOJIEKYJISIPHBIMA | T. 1.

BrioiHe MOHATHO, YTO BEPOSATHOCTH CTOJKHOBEHUS Cpa3y TpeX U OOJNBIIETro YHcia MOJie-
KyJl MEHBIIIE, YEM BEPOATHOCTh CTOJIKHOBEHUS ABYX MOJIeKyJ. [loaToMy TpuMOIEKyIsipHBIE pe-
aKIIMd MEHEee BEPOSITHHI, YeM OMMOJIeKYJIsIpHbIe. Ecu B peakiinio U BCTymaeT 0oliee Tpex MoJie-
KyJ, TO B IEHCTBUTEILHOCTH OKA3bIBAETCS, UTO OHA MPOXOJUT Yepe3 Psij MPOMEKYTOUHBIX CTa-
Ui, B KOKJIOM U3 KOTOPBIX YYacTBYIOT OJHa-IBE MOJIEKYJbl. B 3aBHCHMMOCTH OT BUJa ypaBHe-
HUS, CBSI3BIBAIOIIETO CKOPOCTh PEAKIIMU C KOHIIEHTPAIMEH pearupyrolnX BEIeCTB, Pa3InvaroT
peakluy MepPBOro, BTOPOTO U TpeThero nopsaka. [lopsaok peakiuu He BCerja COBIAJAET C €€
MOJIEKYJISPHOCTBI0. Tak, J7I1 MOHOMOJIEKYJIIPHBIX PEAKIIUH, T. €. TAKUX PEaKIUH, MPU KOTOPBIX
MPEBPAIICHUIO TIOJIBEPTalOT TOJIBKO OJHY MOJIEKYTy KaKoro-HHUOY/b BEIIECTBa, CKOPOCTh peak-
My OyJIeT MPONMOPIMOHATBHA TOJIBKO €r0 KOHIIEHTPAINMK B JAHHBI MOMEHT, YTO MO>KHO 3aIlv-
CaTh CJIEAYIOIIUM YPaBHEHUEM:

v=—_k@-x),
at
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A€ a — HadajlbHas KOHOCHTpAIUA BEUICCTBA, X — KOHICHTPaIW:A 06pa3y}omer0c;1 BCIIIC-
CTBa.

CJ'IG,I[OB&TGJ'IBHO, (a - X) IpeaACTaBIIACT c000Ili N3MEHEHHE KOHIICHTPAIIMH UCXOJHOr'0 BE-
IIECTBA 3a KAKOM-TO IIPOMEKYTOK BPEMECHHU.

Ilocme COOTBETCTBYIOIIIUX MAaTCMaTUYCCKHUX Hp606paSOBaHHﬁ IMOJIYy4YaroT CICOYIOIICC
YpPaBHCHHUE KOHCTAHTBI CKOPOCTH XUMHUYCCKOH pC€akuu 1nEPBOTO IOPAIKA:

t a—x

Brrancasas IIpaByYI0 49aCTh 3TOTO YpaBHCHHA IO OKCIICPUMCHTAJIBHBIM TaHHBIM IJISA pas-
JIMYHBIX MOMCHTOB TCUCHUA PCAKIHNU (I[J'ISI PAa3IMIHBIX t), MoJIy4yaroT OJMHAKOBBIC KOHCTAHTHI
CKOpPOCTH.

CKOpOCTb 6PIMOJI€KyJISIpHOfI pC€aKkuru IpoInopHruoOHaJIbHA IMPOU3BECACHUIO KOHICHTPAIUN
oboux p€arupyrommux BEIICCTB. CJ'IG,Z[OBaTeJ'IBHO,

v=—2 _k@a-xb-x),
at

rae a u b — HavanpHBIC KOHICHTpauuM BemlecTB A M B; X — KOIMuYecTBO BelecTBa
(MOJ1B), IpOpEarupoBaBIIEro 3a Bpems 1.

[Toce cOOTBETCTBYIOIMX MaTeMaTHYECKUX MPeoOpa3oBaHMii, Kak U B IIEPBOM Cllydae,
MOJTYYar0T OKOHYATEIbHOE YPaBHEHHE Il KOHCTAHTHI CKOPOCTH PEAKIIMU BTOPOTO MOPSIKA:

~ 2,303 | (a-x)
t(a+h) . (b-x)

Ecnu npu 6uMonexysspHON peakuy KOHIIEHTPAI[MK OJJHOTO U3 UCXOJHBIX BELECTB 3HA-
YUTENHFHO OOJbIIe KOHLIEHTPALUHU APYTOro BEIIECTBa, TO BO BPEMs PEaKLUU KOHLIEHTpALuUs Be-
mIecTBa, B34TOI'O B I/I36I>ITKC, OCTACTCA NPAKTUYCCKU MMOCTOSTHHOM. HO:—)TOMy MOJXHO O6B€III/IHI/ITI>
HOCTOSTHHYIO BEJIMYMHY KOHLIEHTPALMU ¥ KOHCTAHTY CKOPOCTH PEakIMy B OJHY KOHCTaHTy. To-
Taa MoJiydaroT BbIPpaXXCHUC IJI1 CKOPOCTHU XUMHYECKON PCaKkuu, KOTOPOC aHAJIOTMYHO BBIPpAXKC-
HUIO JUIS PEaKLUU MEePBOro MopsAaKa. 3/1eCh KOHCTAHTY MOXHO BBIYHUCINUTH 110 YPaBHEHHIO Iep-
BOTO mnopsaka. TakuM oOpa3oM, KOHCTaHTbl CKOPOCTH Uil OMMOJIEKYJISIPHBIX peaklUi, mpore-
KaIOUINX MPU HATUYMH U30bITKA OHOTO M3 PEarnpyoIIUX BELIECTB, BEIUMCIIAIOT 10 YPABHEHUIO
IJI pCaKuu MEPBOro mnmopdaaka. HOI[O6HI)IG PC€aKMu MPHUHATO HA3bIBATH IICEBAOMOJICKYJISAPHBI-
MH.

CrnenyeT OTMETUTh, YTO OOJIBLIIMHCTBO PEAKIUI MPOTEKAET Yyepe3 HECKOJIBKO MPOMEXKY-
TOYHBIX CTaJMH U MOPAIOK PEAKIUU PEAKO COOTBETCTBYET KOJIMYECTBY MOJIEKYJ, BCTYMAOIINX B
peakiuio. OOIIYI0 CKOPOCTh CIOKHON PEAKIMU OMPEENSIOT CKOPOCTHIO Hanboliee MeICHHOM
ee cTaJuu.

Kak 6b110 yKa3aHo, CKOPOCTh TOMOT'€HHON XUMHUYECKOM peakliy 3aBUCHUT OT TeMIIepaTy-
pBl. DTy 3aBUCHUMOCTb MPHOIIKEHHO BBIpaXkaroT mpaBuwioM Baurt-I'odda: mpu ysenuyenuu
temriepatypsl Ha 10 °C, CKOpOCTP TOMOI€HHOM XWMHYECKOW PEAKIHWH BO3pACTaeT B
2-3 pa3a. Hucno, KOTOpoe MOKa3bIBAET, BO CKOJBKO pa3 BO3pacTaeT CKOPOCTh PEAKIIUU IPH yBe-
nudeHuu temmneparypsl Ha 10 °C, Ha3pIBaIOT TeMIEpaTypHbIM KO3(PPHUITMEHTOM CKOPOCTH peak-
nuu. Maaexc 10 npu y o3HauaeT TemnepaTypy, KOTOPOH COOTBETCTBYET KOHCTAHTA, U BBIYMCIISA-
I0T KOHCTaHTY CKOPOCTH PEaKIUU 110 YPaBHEHUIO:

k, +10
kt

3aBUCHUMOCTh CKOPOCTH XUMHUYECKOW peaklMy OT TeMIIepaTypbl 00Jjiee TOUHO BBIPAKAIOT
ypaBHEHHEM AppeHuyca:

dink E

dT  RT?’

riae K — koHcTaHTa ckopocTH peakini; R — yHuBepcanbHas ra3oBas nocrosiHas;, T — a6-

COJIIOTHAs Temneparypa; E — sHeprus akrupamum.

Y10 =




30

DOHeprus aktuBaiuu (B J)k/MoJb) — 3TO N30BITOK BHYTPEHHEHW SHEPTHUH 10 CPABHEHUIO CO
CpeIHel PHepruei sl TaHHOW TeMIlepaTypbl, KOTOPBIM JOJDKHBI 001a/1aTh Pearupyronme Mo-
JIEKYJIbl, YTOOBI UX CTOJKHOBEHHE MPUBOAMIIO K XMMUYECKOMY B3aumozeictuto. [locie coot-
BETCTBYIOIIMX MaT€MAaTUYECKUX MPeoOpa3oBaHUM Jis BBIPAXKEHUS SHEPTUM AKTUBALMH TIOJY-
YaroT JOBOJIBHO ITPOCTOE YPABHEHHUE:

E_ R-23(lg ks, —lgks,)

1 1 ’
Tl T2

rie Kro — KOHCTaHTa CKOPOCTH peakiiuu mpu Temreparype Te; Kt1 — KOHCTaHTa CKOpOCTH
peaxuu npu temneparype T1; R — yHuBepcanbHas razoBas nocrosinnas. CiaenoBaTeslbHO, HA s
U3 OMNBITHBIX JAHHBIX KOHCTAHTBl CKOPOCTHU PEAKIIMU MPU JIBYX TeMIIepaTypax, MOXHO pacCuu-
TaTh SHEPIHUIO AKTUBAIUH JTAHHOW PEaKLIUH.

PaccunTaeM KOHCTaHTY CKOPOCTH ISl pEaKLIMK OMBUICHHUS STUIIalleTaTa:

CH3COOCzHs + H20 «+» C2HsOH + CH3COOH.

CKOpOCTh ATOM peakIMy MOXKHO 3HAYUTEIHHO YBEIUYUTH B MPUCYTCTBUU HEKOTOPOTO
KOJIMYECTBA XJIOPOBOJAOPOJAHON KUCIIOThI B KAYECTBE KaTaau3aropa.

BcenenctBue TOro, 4To KOJMYECTBO BOJBI 10 CPABHEHMIO C KOJMYECTBOM 3THUJIALIETATA
OYEHb 3HAYUTENBHO, ATy PEAKIMIO PACCMATPUBAIOT KaK PEAKLIUIO, IPOTEKAIOILYIO 110 YPABHEHUIO
IIEPBOIO MOPSIKA.

[To Mepe TeyeHus peakliMy OMBLICHUS 3TUJIALETAaTa KOJUYECTBO YKCYCHOM KUCIIOTHI YBE-
JUYUBACTCS, U TI0 €€ YBEITMYCHUIO MOXKHO CYJUTh O CKOPOCTH XMMHYECKOW peaKIliu.

KoHnenTpanuio yKCycHON KUCIOTHI YA0OHO OMpeAeTuTh TATPOBAHHUEM CMECH PACTBOPOM
runpokcuaa Harpus. [103ToMy CynHOCTh pabOThI CBOAMTCS K OTOOPY M TUTPOBAHMIO TPOO cMe-
CH 4epes ollpeieJIeHHbIe, TOYHO (PMKCHPOBAHHBIE MPOMEXYTKU BpeMeHu. KoHIleHTparus sTuia-
1eraTta @ B MOMEHT B3SITHsI TIEpBOIl MPOOBI paBHA YBEJIWYCHUIO KOHIIEHTPAIIMU YKCYCHON KUCIIO-
THI 32 BpeMsl OT MEPBOI 10 MOcaeIHeH MTPOOBL, T. €. MPOMOPIMOHAIBHA PA3HOCTH MEXTY YHUCIOM
MUJUTHJIMTPOB THAPOKCHU]IA HATPHS, MOMISANIET0 Ha TUTPOBaHUE ITUX Mpod. Eciu Ha TUTpoBa-
HHe niepBoii mpooOsI monuto by M NaOH, a Ha TuTpoBanue mocieaneit mpoodsr — be, M NaOH, To

a=m(b, +b),

rae M — ko3 HUIKMEHT TPONOPIUOHATBHOCTH. J{7Is KOHIIEHTpaIuy dTujamnerara (a — Xx)
KO BpeMeHU t mosyyum:

a—x=m(b, —h),

rae by — yucno muumnutpoB NaOH, morreiero Ha TATPOBaHUE TPOOBI, B3STOMN depes t
MUHYT MOce nmepBoil mpoosl. [loacTaBmisis 31 3HaUeHUs a U (a — X) HAXOJIUM KOHCTaHTy CKOPO-
CTH:

(2303, m(b,-b) 2303 b, b

t m(b,, —b) t b, —b

T. K. MHOXXUTEH M B YpaBHEHUH COKpAIIAETCs, TO JUIsSl ONPEeAETIeHUS] KOHCTAHThl CKOPO-
CTHM PEaKLUU HeT HaJI0OHOCTH BBIUYMCIATH 3HAUCHHE KOHLEHTPALMH 3TUJIAleTara, a JOCTaTOYHO
mutik 3HaTh 00beM NaOH B MuyummiuTpax, morieanero na TATpoBaHue mpoo.

Henap padorel. OnpenenuTs pa3IuYHbBIMU METOAAMU KOHCTaHTY CKOPOCTH XUMHYECKON
peaxIuu.

IIpuGopsl u peakTuBbl. Tepmocrat, ko066 Ha 200 Mi1, MepHas konba Ha 100 M, Gro-
peTka Ha 25 M1, CeKYHIOMEp MJIM Yachl ¢ CEKYHIHOU cTpenkoit, 0,4-mponenTHsiii pactsop Kl, 1
M  pactBop H2SOs, 0,05 M pactBop H202, 0,05 M pactBop NazS203,
0,5-nipouieHTHBIN pacTBOp Kpaxmaina, 0,1 M pactBop (NH4)2MoO4.

Ilopsinok BbINOJIHEHHS PadOTHI.

Peakuust oxuciieHuss MOAOBOAOPOJHONW KHUCIOTHI MEPOKCHUAOM BOJOPOJA BBIPAXKAETCS

ypaBHEHUEM:
2HI + H202 = 2H20 + ).
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IIpopearnpoBaBuIMii NEPOKCU BOJOPOJA ONPEAETISAETCS KBUBAIECHTHBIM KOJIMUYECTBOM
fiof1a myTeM TUTPOBAHUS ITOCIIEAHETO PACTBOPOM THOCYJIb(aTa HATPHsL.

HonoBoaopoAHY0 KUCIOTY HOIYy4aroT ASHCTBUEM CEpHOW KUCIIOTHI HA MOAWIbI, HAIPU-
mep Kl wn Nal.

Peakuus ceproit kucnotsl ¢ Kl nporekaeT npakTuyecky MrHOBEHHO:

2KI1 + H2SO4 = KoSO4 + 2HI.

B nanHoMm citydae u3mepsieTcst JMIb CKOPOCTb:

2HI + H202 — 12 + 2H20,

T. K. B pe3yJIbTaTe peakuu

I2 + 2K2S,03 — 2K + K2S406

koHuenrpauus Kl, a, cnenosarensno, Hl nocrosnna. Takum o6pa3om, CKOPOCTh peakuu
H202 u HI B ycnoBusx onbiTa 3aBUCUT TOJBKO OT KOHLIEHTPALUU [TEpOKCcHIa Bogopoa. /st Bel-
YHUCJICHU KOHCTAHTbl CKOPOCTH 3TOM ICEBIOMOHOMOJIEKYJISIPHON peakiuy MOXHO IPUMEHHUTh
yYpaBHEHHE MOHOMOJIEKYJISIPHOM peakluu — PeakiUH MEepBOro MOpsAlKa, T. K. JUMUTHUPYIOILAs
CTagus

K 2,303 9 a
t a-—x
[Tonb3ysch MEpHOM KOJIOOH, HaJIUBaIOT 100 MII

0,4-nponerthoro KI w5 wmn 1 M pacrBopa H2SO4s B  konby  Ha
200 mur.

Ha ropunbimko koia0bl HaZEBAIOT KOJIBLIO U3 TOJICTOM CBHHIIOBOM MPOBOJIOKU (YTSKENH-
TEb) U CTaBAT B TEPMOCTAT, KyJla MOMEMIAI0T Takxke mnpodupky ¢ 15-20 mu 0,05 M pactBopa
H20,. Hag xon6oii ycranaBnuBatot 6tropetky ¢ 0,05 M pactBopom NazS20s.

Korna cogepxumoe xondsl u pactsop H202 (B mpoOupke) npumyT TeMIiepaTrypy BOJbI
(uepe3 10-15 munyT), B K00y mpubaBisatoT U3 O6roperku 1 mur pactBopa NaxS;03, 3atem 5 ka-
nelnb
0,5-mporieHTHOrO pacTBopa Kpaxmana (MHaukarop Ha Hon) u 10 mu 0,05 M pactopa H202, 3k-
BuBaneHTHbIE A M1 0,05M pacTtBopa THOCyib(aTa (cM. HUXKe). TuaTenbHO NepeMennBaoT co-
JIepKUMO€E KOJIOBI M 110 CEKYHJIOMEpY WJIM MO YyacaM OTMEYaroT B TabyuIe (CM. B KOHIIE paboThI)
BpeMsI IEPBOTrO MOSABIIEHUS rojly0oro okpamubanus to. beicTpo npubasistoT u3 Oroperku eme 1
mi 0,05 M pactBopa Na2S203, nepemeninBaroT (BCIeACTBUE YEro Tolyboe OKpalluBaHHue HcUe-
3aeT) ¥ BHOBb OTMEYAIOT BPEMS IOSIBICHUS TOJTyOOTO OKpalIMBaHUA 11 W T. 1., TOBTOPUB ITH
onepauuu 4-5 pa3. 3areM B K00y npubaBisitoT Heckosibko Kanenb 0,1 M pactBopa monu6aara
aMMOHHUSI (KaTaJn3arop) u BelaeuBInics o TuTpyroT 0,05 M pactBopom NaxS203 1o ucues-
HOBEHUS T0JIy00H OKpaCKH.

Takum o00pa3om ycTaHaBIMBAaIOT, Kakomy oOmemy uwmciay A ma 0,05 M pactBopa
Na2S203 (cumrtas ¢ camoro Havana paboThl) SKBUBAJEHTHBI B3sAThIE U padoTsl 10 M 0,05 M
pactBopa H20x.

ITpomexxyTku BpeMeHH 11, t2 U T. 1. OTCUUTHIBAIOT OT MOMEHTA MEPBOro OKpalnBaHus lo,
NPUHAMAEMOTO 3a Ha4ajo onbiTa. TakuM 00pa3oM, B HaYaJIbHBI MOMEHT ombiTa fo comepKuTCS

A — 1 MJI
0,05 M pactBopa H202 u, cienoBatenbHo, a = A — 1. K MOMEHTY BTOpPOTO MOSIBIIEHUS OKpaIIH-
BaHU t1 popearupyer ere 1 MII

0,05 M pactBopa H202 u, cnegoBatenbHo, X = 1; K MOMEHTY TPETHETO MOSIBICHHS OKpaIlIMBaHUS
X=2UT. O

Pexomenaauum no npoBeeHHI0 pacyeToB. [1Jisg BEIYMCIEHUS KOHCTAHTBI CKOPOCTH pe-
aKIIMY UCIIOJIb3YEM YPaBHEHHE CIEAYIOLIETO BUAA:

2,303

k= T[Ig(A—l) —lg(A-1-x).

IloncraBuB B 3T0 ypaBHeHue 3HaueHus A u X; B mwumumrpax 0,05 M pactBopa
Na2S203, t — B MUHyTaX, BBIUUCIISAIOT KOHCTAHTY CKOpocTH K OTAEnbHO I KaK[oro mpome-
JKyTKa BpeMeHH 11, t2 ¥ T.7l. ¢ TOUHOCTBIO J10 YETBEPTOI'O AECATUYHOTO 3HAKA.
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Pe3ynbrarel pabOThI 3aNTUCHIBAIOT B TAOIHUITY

Bpewms ot Hayana =
. OIBITA ~ -
= | I

Z | Bpems actpoHo- 2,303 A_1_x - = K
— -1- — t

2 | muueckoe (mpu- BpeMs B t = i

5 MUH | CeK = =

MEpHOe) MHUHYTax S 2

=

& w ro o | [HosBICHHS OKpa-

[Ipu TmiaTenbHOM paboTe pa3HUIA B HAaWJEHHBIX JUIS Ka)XJO0r0 MPOMEXYTKa BPEMEHU
3HAUYEHUSIX KOHCTAHTBI HE JOJKHA MPEBBIIATh HECKOIBKHUX JECATUTBHICSYHBIX JOJIeH. DTO yKa-
3bIBAa€T Ha TO, YTO KOHCTaHTAa CKOPOCTU HE 3aBUCUT OT KOHIIEHTpALMH epoKcuaa Bogopoa. be-
pYT cpennee apupMeTHIeckoe 3HaUeHHEe KOHCTAaHThI CKOPOCTH, YKa3aB TeMIepaTypy, Mpu KOTO-
pO¥ MPOBOJMUIICS OIBIT.

YuureiBaetcs, yto 10 mi 0,05 M pactBopa NaxS203 skBuBanentnsl 10 M 0,05 M pac-
tBOpa (A = 10) H202.

TpedoBanus k ordery. HanmeHoBanue paboThl, 11e7b pabOThI, KPaTKOE OMHCAHUE METO-
JIMKH, 000pYAOBaHUS U X0a PabOThI, pe3yIbTaThl N3MEPEHHUI M BBIYMCICHHH ((hOopMyIIbI, TaOIHIIa),
BBIBO/Ib.

JIABOPATOPHAS PABOTA 9.
KATAJIMTUYECKOE BJIMAHUE NOHOB MEJIN N XXEJIE3A HA CKOPOCTb
OKHWCJIEHMS NOJOBOJIOPOIHON KUCJIOTHI ITEPCYJIbAATOM AMMOHU S

Teopernueckas yactb. CKOPOCTh XUMHUYECKON PEAKIIUU 3aBUCUT HE TOJBKO OT KOHIIEH-
TpalUu pearupyrolux BEUIECTB U TEMIIEPATyphl, HO TAKXKE U OT IPUCYTCTBUS B PEAKLIMOHHON
CMECH HEKOTOPBIX BELIECTB. DTHU BEIIECTBA, HE BXOJS B COCTaB KOHEUHBIX MPOJYKTOB pEaKiuy,
U3MEHSAIOT CKOPOCTh PEAKLIMU, IIPUYEM CaMU HE U3MEHSIOTCS KOJIMYECTBEHHO U OCTAIOTCA XUMHU-
YECKHM HEM3MEHEHHBIMU. Takue BemecTBa Ha3bpIBalOTCA Kartanuzaropamu. KarannsaTopsl B 3aBH-
CUMOCTH OT MX IPUPOIBI U MPUPOJBI PEATUPYIOIINX BEILIECTB MOTYT YBEJIIMYUBATH UIIA YMEHb-
11aTh CKOPOCTh XMMUYECKOM peakiy, MO3TOMY pa3INyaroT MOJOKUTENbHBIN KaTaln3 (KaTaiu-
3aTOp YBEJIMUYUBAET CKOPOCTh PEAKLUH) U OTpULATEIbHBIN KaTaiau3 (KaTalu3aTop yMEHbIIAET
CKOPOCTh PEAKIINH).

Ecnu xaTanu3aTop HaXoAUTCs B TOM ke (pase, 4To U pearupyrolye BeecTBa, To KaTains3
Ha3bIBAETCsI TOMOTeHHBIM. [Ipy reTeporeHHOM KaTanu3e KaTajln3aTop HaxoquTcs B ApYyroi gase,
YeM pearupyrollye BeIIeCcTBa; HalpuMep, eClid pearupyroliue BellecTBa HaXoIsATCsl B ra3000-
pa3Hoi UK KUIKOH (a3ze, To OH HAXOAUTCS B TBEPAOH.

Jlist HEKOTOPBIX peakluii MOKHO MOA00paTh CMecH M3 JBYX U OoJiee BEIIEeCTB, KOTOPhIE
MOTYT OKa3aTbcs 0oJjiee aKTUBHBIMU, YEM KaXKIO€ M3 ITHX BellecTB. BemecTBa, caMu HeakTHB-
HbI€, HO TIpU J100aBJICHUU B HEOOJBIIMX KOJMYECTBAX K KaTallM3aTopaM 3HAYUTEIbHO YBEIUYU-
BAOIIME AKTUBHOCTD MTOCIIETHUX, HA3bIBAIOTCSI IPOMOTOPAMH.

Peaxiust OKHCIEHUS HOAOBOIOPOIHON KUCIOTHI EPCYIb(PaToM aMMOHUS

(NH4)2S208 + 2HI — 2NH4HSO4 + |2

IIPOTEKAET MEJICHHO.

CKOpOCTP 3TOM peakIUu U3MEPSIOT MO KOJMYECTBY MOJA, BBIACISIONIErOCS B €IMHUILY
BPEMEHU, WIH 110 IPOMEXKYTKY BPEMEHU OT MOMEHTA CMELIEHUs PAaCTBOPOB 10 Hadajla BbLIEIe-
HUs noja. BenencTeue Toro, yTo MoA €1abo OKpaluBaeT pa30aBIeHHbIE PaCTBOPHI, K pearupy-
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IOIIEH cMecH MpeaBapUTENbHO NPUOABISAIOT PACTBOP Kpaxmalia, KOTOPBIA C MOJIOM JIaeT CHHEe
OKpallMBaHUE.

OxucneHre HOJOBOJOPOIHON KUCIOTHI MepCcyabhaToM aMMOHHUS MOXXHO 3HAYUTEIBHO
YCKOPHUTb BBEJICHUEM B PEAarnpyroIly0 CMECh HOHOB MEJIU U JKEJIe3a.

B ananuTuyeckoil XMMUM OCHOBHOM peaklueld HOJOMETPUYECKOT0 METOJa TUTPOBAHUS
MOKET OBITh CIIEAYIOIAs:

I> + 2Na2S203 — 2Nal + NaxS40e.

OxoHYaHME peaKlMy yCTaHABIUBAIOT B IPUCYTCTBUM PAacTBOpPA Kpaxmaja M0 HCYE3HOBE-
HUIO CUHEH OKpACKHU, BEI3BAHHOM B3aMMOJICHCTBHEM HOJA C KPAXMAaJIOM.

Heap padotbl. M3yunTh BIMSHHME KaTalU3aTOPOB HA CKOPOCTb OKMCIEHUS HOJ0OBOJO-
POJIHOM KHCIIOTHI TepCyib(haToM aMMOHHUS.

Oo0opynoBanue u peakTuBbl. TepMocTaT, AECATh MIIOCKOAOHHBIX K00 Ha 300 mi1, cemb
KOHMYECKHX KoJio Ha 250 mu1, BoceMb crtakaHoB Ha 100 mur, numnerka Ha 20, 30 M, 4ackl, pac-
tBop 0,1 M (NH3)2S20s, pactBop 0,5 M u 0,12 M KI, pactBop 0,5 M u 0,025 M H2SO4, pactBop
0,005 M u 0,0005 M mennoro kynopoca, pactsop 0,0067 M u 0,00067 M xene3Horo Kymnopoca,
pactBop 0,01 M tuocynbdara narpus, pactBop 0,1 M (NH4)2MoOa, pactBop kpaxmaina (cBexe-
MPUTOTOBJICHHOI0); CTEKJISTHHBIC TAIOUKH JIJISl IOMEIIUBAHMUS.

Ilopsinok BbINOJHEHHS PadOTHI.

Ompit 1. B Tepmoctat ¢ Temneparypoit 25 °C cTaBAT mecTb MI0CKOAOHHBIX Koo (Ha 300
MJI), B KOTOpbIE€ HAJIUTO: B MepBYI0 — 250 M1 BoAbI, BO BTOpYIo — 250 MJ1 pacTBOpa nepcyiabgara
aMMOHHs, B TpeTblo — 250 M3 pacTBopa HOAWAAa Kajus, B UYETBEPTYHD —
250 mu1 pacTBOpa CEpHOM KUCIOTHI, B IATYI0 — 250 MJI pacTBOpa MEAHOI0 KyIopoca 1 B IIECTYIO
— 250 M1 pacTBOpa KeIe3HOT0 Kynopoca yKa3aHHBIX Bblllle KOHIeHTpauuid. OTHOBPEMEHHO CTa-
BAT B CHET WJIM B TOJYEHBIN JI€l CEMb KOHMYECKUX KOJ0 Ha 250 Mil, B KOTOpbIE HAJIMBAIOT 110
100 Mu1 BOIBI.

[Tocne Toro xak pacTBOpbI B KOJI0ax NpUMYT TeMrepaTypy Tepmocrara (depe3 40-50 mu-
HYT), U3 HUX OepyT MUMETKaMu (He BBIHUMAsi KOJOBI U3 TEPMOCTaTa) U MEPEHOCAT B CYyXYyIO UH-
cTyto konoy Ha 300 mi nocnenosarensHo 100 Mut Boasl, S50 Mi1 pacTBOpa nepcyibpaTa aMMOHUS,
50 mu pacTBOpa cepHOii KHUCIOTH M 50 MIT pacTBOpa noaua Kaiaus. MOMEHT BIMBaHUS pacTBOpa
MOJIM/Ia KaJusl CYUTAIOT HA4YaJiOM OTIbITa, 1O yacaM oTMedaroT Bpems to = 0. Cmech B koiibe pas-
MEIIMBAIOT U CTABAT €€ B TEpPMOCTAT. Bee 3TH omeparuu HaJlo BBIIOIHATE OBICTPO.

UYepes 5, 10, 20, 30, 50 u 60 MuHYT TIOCITIe Hayaja onbiTa oTOUparoT o 20 MII cMecH, He
BBIHMMasl KOJIOBI U3 TEPMOCTATa, BIMBAIOT KAKIYIO MPOOY B KOHUYECKYIO KOJIOY C OXJIaXKICHHON
BOJIOH, 3aT€M TUTPYIOT pacTBOPOM THOCYJb(aTa HaTpUsl B MPUCYTCTBUHU pacTBopa Kpaxmaia. B
MOMEHT 0TOOpa MPOOBI MUMETKOM OTMEUAIOT BPEMS 110 YacaM.

TutpoBath Hamo OBICTPO. 3aNMUCHIBAIOT KOJIMYECTBO PACTBOpPA TUOCYJIb(aTa HATPHS, U3-
pPacxoJJ0OBaHHOTO Ha Ka)KJ10€ TUTPOBAHUE.

Omnpit 2. [{ns nomy4deHust peaklinOHHON CMECH B CYXYI0 YHCTYI0 Kosi0y Ha 300 M1 BBOAST
mo 50 MJI BOJBI M PAacTBOPOB MEIHOTO KYMOPOCa, CEPHOM KHCIOTHI, Mepcyibdara aMMOHUS U
MoJnJa Kanus. 3aTeM MPOEIbIBAIOT TO e CaMO€e, YTO U B IIEPBOM OIIBITE.

Tutpyrot uepes 3, 5, 10, 20, 40, 60 MUHYT, cuyUTast OT MOMEHTa MPUOABIEHUS pacTBOpa
MOJIN/A KaJHsl.

OmnbIT 3. DKCIIEPUMEHT BBITIOIHSIETCS, KAK U BO BTOPOM OIIBITE, HO BMECTO S0 MJI pacTBoO-
pa MeHOTo KyTmopoca B cMech BBOJAT 50 MII pacTBOpa JKeJIe3HOro Kyrnopoca.

OmnbIT 4. DKCIIEPUMEHT BBHITIOTHAETCS, KaK U B TIEPBOM OIBITE, HO B CMECh BMECTO BOJIbI
BBOJUTCA 110 50 MJI pacTBOPOB MEAHOTO M JKEJIE3HOI0 KyIopoca.

Turpytor uepes 1, 2, 3, 5, 15 u 30 MuHyT, cuuTas OT MOMEHTa MpUOaBIEHUS PacCTBOPA
1oJia Kajusl.

dopma 3anucH pe3yIbTaTOB THTPOBAHMS:

No KosaecTBo pacTBOpa, M3pacxoJ0BaHHOTO HA TUTPOBAHKE, MII

Bpems, mun

1 | 2 | 3 | 5 | 10 15 | 20 | 30 | 40 | 50 | 60
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A(WIN|F-

Pe3ynbTaTel THTpOBaHMS 3aITUCHIBAIOT 10 YKa3aHHOU (hopMe U CTpOsT rpaduk, HAHOCS HA
ocu abcuucce BpeMs, a Ha OCH OpAMHAT — U3PAcX0/I0BAaHHOE KOJIMYECTBO pacTBOpa TUOCYJb(aTa
HaTpHUs.

OmwiT 5. Bocemb crakanoB Ha 100 mMi1 cTaBsAT B J1Ba psijia Ha JUCT Oenoit Oymaru. B cra-
KaHbl 1-T0 paga HanmuBaioT pactBopsl 0,5 M ceproit kucnotsl u 0,1 M nepcynbdara aMMOHUS B
o0beMax, yKa3aHHBIX B 1-M psiy TaOJMIbl, a B CTakaHbl 2-To psaa — pactBopsl 0,5 M noauma
kanus, 0,0067 M xene3noro u 0,005 M Meanoro xymnopoca u 00bemMax, YKa3aHHBIX BO 2-M PSIy
TaOJIULIBL:

1-if psix H2SO4 — H2SO4 — H2SO4 — H2SO4 —
10 M 10 mn 10 M 10 mn
(NH)4S208 — 10 | (NH)4S208—10 | (NH)4S208 —10 | (NH)4S20g — 10
MII MJI MJI MII
Kpaxman — Kpaxman — Kpaxman — Kpaxman —
1 M 1 mn 1 M 1 M
Bpewms nosiBnenus
OKPacCKH
2-1 psin Kl -5 M Kl -5 M Kl -5 M Kl -5 M
FeSO4— 5 mn CuSO4 — 5 M CuSO4 — 5 mn
FeSO4 — 5 M
Boma — 19 mn Boma — 14 mn Boma — 14 mn Boxa — 9 mn

Bpewms nosinenus
OKpacKu

BhICTpO BBIIMBAIOT pacTBOP M3 MEPBOrO CTaKaHa 2-ro psAa B MEPBBIA cTakaH 1-ro psaa
(BpeMsl Havajia peaklMM); IepeMenInBasl pacTBOp CTEKISHHON Majl04yKoil, 0OTMEUaroT BpeMsl Io-
ABJIEHUS OKPACKH. To e MPOAEIBIBAIOT CO BTOPOM, TPEThEH, UETBEPTOM NIapaMy CTAKaHOB.

OmwiT 6. B 1Ba crakana Ha 200 mur HanuBarT o 30 mu pactBopoB 0,1 M mepcynbdara
ammoHus, 0,5 M cepHoii kucioTsl 1 1 mMi1 pactBopa kpaxmana. OTHOBPEMEHHO B MEPBBII U3 CTa-
KaHOB npuinBatoT 5 mi pacteopa 0,5 M KI, a Bo Bropoit — 5 ma pactsopa 0,5 M Kl u 2 xanm
Moar0aTa aMMOHMSL, PACTBOPEHHOT'O B 5 MJT IUCTHIIIIMPOBAHHON BOJIBI.

OOpaTuTh BHUMaHHE Ha CKOPOCTbH MOSIBJICHUS! OKPACKU B IIEPBOM U BTOPOM CTaKaHaX.

TpeboBanus k oruery. HanmeHnoBaHue paboThl, 11e1b pabOThl, KPaTKOE OMHUCAHHE METO-
JIKH, 000pyI0OBaHUS U X0Ja pabOThI, pe3yJIbTaThl U3MEPEHHH (Talbnu1ia), BEIBO/IBL.

6 IMJAKTUYECKHUE MATEPHAJIBI JIUIA KOHTPOJISA (CAMOKOHTPOJIA)
YCBOEHHOI'O MATEPHUAJIA

6.1 OneHo4HbIe CpeaCTBA, MOKA3ATEJH M KPUTEPHH OLCHMBAHUS KOMIIETCHIIUH

HNuaexc | Onenounoe TToxka3aTenu Kpurepun oueHuBanus
KoMmIIe- CpeacTBo OLICHUBAHHS c¢(popMHPOBAHHOCTH KOMIIETECHIIH I
TeHIHH
YK-1 | Otuer no Huskuit — Heyo- CTaBUTCS, €CIIM JIOMYIIEHbI CYIIECTBEHHBIC
OIIK-8 | maGoparop- | BIETBOPUTEIHEHO OmKOKH (B X0/I€ IKCIIEPUMEHTa, B 00bsICHE-
IIK-2 | Hoii paboTe HUH, B 0OpMIEHUH pabOTHI, 1O TEXHUKE Oe3-

OMacHOCTH, B paboTe ¢ BeulecTBaMu U Mpuoo-
paMu), KOTOpPbIE HE UCTIPABIISIIOTCS JaXe 10
yKa3aHUIO MPENo/iaBaTeis.

[ToporoBslii — y10- | CTaBUTCS, €CJIM AONYIIEHBI OJHA-/IBE CYIIE-
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BJICTBOPUTCIILHO

CTBEHHBIE OIMMOKHU (B X0/Ie DKCIIEPUMEHTA, B
00BbsicCHEeHUH, B OPOPMIICHUH PabOTHI, IO TEeX-
HUKe 0€30MacHOCTH, B paboTe ¢ BEHIECTBAMHU U
npuOopamMu), KOTOPIE UCIPABIISIOTCS C TTIOMO-
IO MPENO0/1aBaATENsl.

ba3oBblii — x0po1110

a) paboTa BBITIOJTHEHA MTPABHIILHO, O€3 CyIIIe-
CTBEHHBIX OIIMOOK, C/ICIIaHBI BBIBOJIBI,

0) IOITyCTHMBI: HETIOJTHOTA ITPOBEIICHUST WU
oopmiteHHs SKCIIEpHMEHTa, OJTHA-/IBE HECYIIIe-
CTBEHHBIC OLITMOKH B TIPOBEICHUU HITH O(opMmIIe-
HUU SKCIICPUMEHTA, B TIPaBUJIaX PabOTHI C BElIe-
CTBaMH U PUOOpaMHU

Bricokuii — oTiinu-
HO

a) paboTa BBITIOJIHEHA MTOJTHO, TPABUIIHHO, O€3
CYIIECTBEHHBIX OLIHOOK, C/I€TaHbl BEIBODI;

0) SKCIIEPUMEHT OCYILECTBJIEH 110 IUIaHY C YYE€TOM
TEXHUKHU 0€30MacCHOCTH U MpaBuil paboTHI ¢ Bellle-
CTBaMH U ITpuOOpaMu; B) UMEIOTCSI OpraHU3ALIN-
OHHBIE HaBBIKH (ITOJIEP’KUBACTCS YMCTOTA Pabo-
Yero MecTa M OPSJIO0K Ha CTOJIe, SKOHOMHO UC-
MOJIb3YIOTCSl PEAKTHBBI).

Kontpons- | Huskuii — Heyo- JIOITYCTHIJI YUCIIO ONIMOOK M HEIOYETOB MPEBOC-
Has paboTa | BIETBOPUTEIBHO XOZsi1Iee HOpMY, TPH KOTOPOH MOXKET OBITH BbI-
CTaBJICHA OLIEHKA «3»
[Toporosbrii — €CIIU CTYJIEHT MPaBHJILHO BBIIIOJIHUII HE MEHEe
YIOBJIETBOPUTENb- | TIOJIOBUHBI PAOOTHI WK JOIYCTUI: HE O0see
HO JIBYX IpyObIX OIMOOK; WK He Oojiee 0THON
rpy0oii 1 oHON HerpyOoil OIIMOKY U OTHOTO
HeJloueTa; WiK He OoJiee IByX-TpeX HerpyobIxX
OIIMOOK; UJIM OJTHOM Herpy0oil OLIMOKH U Tpex
HEJI0YEeTOB; WX IPU OTCYTCTBHM OIIUOOK, HO
P HAUIMYHH YETHIPEX-TISITH HETOUETOB.
bazoBelii — XOpO- | CTYAEHT BBINOJHWI pabOTy NOIHOCTHIO, HO JI0-
110 MyCTHUJI B HEM: HE O0Jiee 0THOM HerpyOoi ommo-
KU ¥ OJIHOTO HeZ0YeTa UM He OoJiee IByX Hello-
4EeTOB
Beicokuit — oT- | paboTa BbIOJIHEHA 6€3 OINOOK, yKa3aHbl Bce
JMYHO pacueTHble (HOPMYJITBI, €IMHUIIBI H3MEPEHHS, 03
OLITMOOK BBIOJHEHbI MATEMATUYECKHE PACUETHI
Pedepar Huskuit — Heyno- TeMa pedepaTa He pacKpbITa, OOHAPYKUBACTCS

BJIIETBOPUTEJILHO CYIIECTBEHHOE HETTIOHMMAaHHUE NMPOOJIEMBI.

IToporossiii — HMMEIOTCS CYIIECTBEHHBIE OTCTYIUIEHHUS OT Tpe-

YAOBJIETBOPUTENb- | OOBaHUM K pedepupoBanuio. B uactHocTH: Tema

HO OCBEIIICHA JINIIb YACTUYHO; JIOMYIIEHb! (haKTH-
YecKue OUIMOKH B coiepaHuu pedepara uin
IIPY OTBETE HA JOMOJHUTEIbHBIE BOIIPOCHI; BO
BpEMs 3aIIUTHI OTCYTCTBYET BBIBOJ.

bazoBelii — XOpo- | OCHOBHBIE TpeOOBaHUA K pedepary U ero 3amure

110 BBITIOJTHEHBI, HO MTPHU 3TOM JIOMYIIEHbI HETOUETHI.

B wacTHOCTH, UMEIOTCSI HETOUHOCTH B U3IIOKE-
HUY MaTepuaa; OTCyTCTBYET JIOTUYECKast 10~
CJICAOBATCIILHOCTD B CYXKJICHUAX, HC BBIACPKAH
00bEM pedepaTa; UMEIOTCS YITYIICHUSI B 0hOpM-
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JICHUH, Ha JOIIOJIHUTCIIbHBIC BOIIPOCEHI ITPU 3a-
IMUTC JaHbl HCTIOJIHBIC OTBCTHI.

Bricokuii — ot-
JINYHO

BBITIOJTHEHBI BCE TPEOOBAHUS K HAMUCAHHUIO U
3ammuTe pedepara: oOo03HaueHa mpodiemMa u
000CHOBaHa €€ aKTyaJbHOCTb, CHIENAaH KPaTKHi
aHaJIN3 Pa3JIMYHBIX TOYCK 3PCHUS HA PacCMaTpH-
BaeMyl0 IpoOJeMy M JIOTUYHO H3JI0KEHa COo0-
CTBEHHAsl TIO3HIIUs, CHOPMYITUPOBAHBI BBIBOJIBI,
TE€Ma PACKpBITa TMOJHOCTHIO, BBIACPXKAH O0BEM,
coOmoieHpl TpeOOBaHMsI K BHEIIHEMY O(OpM-
JICHWIO, TaHBI TIPABUIILHBIC OTBETHI HA JIOTIOJTHU-
TEJIbHBIC BOMIPOCHIL.

Tect

Huskuii — g0 60
0amnoB (HeyoBIIe-

3a BEPHO BBIIIOJHEHHOE 3aJaHHE TECTUPYEMBbIil
HOJy4YaeT MaKCHUMajbHOE KOJMYECTBO OaJlIoB,

TBOPUTEJIHHO) IPEIyCMOTPEHHOE Ui 3TOT0 3a/aHus, 3a He-
IToporoBsrii — 61- BEPHO BBINIOJIHEHHOe — HONb OamioB. [locne
75 6annoB MIPOXOKJICHHUS TECTA CYMMUPYIOTCSI PE3yJIbTaTh
(ynoBneTBopHu- BBIIIOJIHEHMSI BCEX 3aJaHUM.

TEJILHO) [TogcunTthiBaeTcs MPOLEHT MPABHIBHO BBIMOJ-

bazoBeiii — 76-84
0aJI7I0B (XOPOII0)

Bricokuii — 85-100

HEHHBIX 3aJjaHUi TecTa, IOCIE 4ero 3TOT Ipo-
LIEHT IIEPEBOAUTCS B OLIEHKY, PYKOBOJCTBYSCH
YKa3aHHBIMU KPUTEPUAMU OLICHUBAHUS.

0aioB
(OTIIMYHO)

6.2 HpOMe)KyTO'lHaﬂ aTTeCTausd CTYACHTOB IO TUCHUIIJINHE

IIpoMexyTouHass aTTecTanus SIBISETCS MPOBEPKOM BCEX 3HAHWI, HABBIKOB U YMEHUN
CTYJI€HTOB, IPUOOPETEHHBIX B MPOIECCE U3YUECHUS AUCUUIINHBL. DOopMOii MPpOMEKyTOUHON aT-
TECTALMH 110 TUCLHUIUIMHE SBIISETCS K3aMEH.

Jljig oLleHuBaHuUs pe3yJIbTaTOB OCBOEHUS TUCILUIUIMHBI IPUMEHSETCS CIeAYIOIUe KpuTe-
PHH OLIEHUBAHUS.

Kpurtepun onieHUBaHNS YCTHOTO OTBETAa HA IK3aMeHe

Ounenka «5» (OTJIMYHO) CTaBUTCS, €CIIU CTYJEHT:

1) mosHO packpbITO coepKaHUEe MaTepraia Ouiera;

2) marepuan HU3J0XKEH I'PaMOTHO, B OINpPEAEICHHOM JIOTHUECKOW IMOCIe10BaTeIbHOCTH,
TOYHO HMCIIOJIb3YETCS TEPMUHOJIOTHS;

3) moka3zaHO yMeHHe WLIIOCTPUPOBATh TEOPETUUECKUE MOJIOKEHHUS] KOHKPETHBIMU TIPHMeE-
pamu, IPUMEHSTh UX B HOBOM CUTYalluy;

4) mpoEMOHCTPUPOBAHO YCBOEHHE paHEe U3yUEHHBIX COIYTCTBYIOIIMX BOIIPOCOB, COp-
MHPOBAaHHOCTh M YCTOMYMBOCTh KOMIIETEHIIN, YMEHUI U HABBIKOB;

5) OTBET MpO3BYYa] CaMOCTOATENbHO, 0€3 HABOISIIMX BOIIPOCOB;

6) IOMyIIEHBI OJIHAa — IBE HETOUHOCTH MPU OCBEIICHUH BTOPOCTENEHHBIX BOIPOCOB, KOTO-
pbI€ UCTIPABIISAIOTCS IO 3aMEYAHUIO.

7) IpaBUIIBLHO pelIeHa pacyeTHas 3a/1a4a.

Ouenka «4» (XOpo110) CTABUTCS, €CIIU:

OTBET CTY/ICHTAa yJIOBJIETBOPSET B OCHOBHOM TPEOOBAHMSIM Ha OLEHKY «5», HO MPU 3TOM
UMEET OJMH U3 HEIOCTATKOB:

1) B u3n0keHUU TONYIIEHbI HEOObIINE MPOOEIbl, HE NCKA3UBILNE COJEPKAHUE OTBETA;

2) momyIeHbl OJIUH — J1Ba HEA0YETA IIPU OCBELLIEHUN OCHOBHOI'O COJEP’KAHUS OTBETA, HC-
IIPABJICHHBIE 10 3aMEYaHUIO DK3aMEHATOPA;

3) nomyieHs! omuOKa iy 0ojiee ABYX HEAOYETOB MPU OCBEIICHUU BTOPOCTEHNEHHBIX BO-
IPOCOB, KOTOPBIE JIETKO UCIPABIISIOTCS MO 3aMEYAHUIO IK3aMEHATOPa)
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4) B pacueTHOM 3a7a4e TOMyIIeHa OIHOKa.

Onenka «3» (y10BJIeTBOPHUTEIbHO) CTABUTCS, ECIIN:

1) HENmoJHO MM HEMOCHIEeA0BaTEIbHO PACKPBHITO COJEpXKaHME Marepuana, HO IMOKa3aHO
oOuiee MOHMMaHUE BOIIPOCA U MPOJIEMOHCTPUPOBAHBI YMEHMSI, JOCTaTOUHBIE Ul JAJIbHENUIIETO
YCBOEHMSI MaTepuana;

2) UMeNUCh 3aTPYIHECHUS WK JOMYIICHbI OUIMOKU B ONPEISIICHUH TOHATHH, UCIIOIb30Ba-
HUM TEPMUHOJIOTMH, UCIIPABJICHHBIE I10CIIE HECKOJIBKMX HABOASIIMX BOIIPOCOB;

3) npu HENOJIHOM 3HAHUH TEOPETHUECKOT0 MaTepuaa BBISIBICHA HEJIOCTaTOYHAs CPOPMHU-
POBAaHHOCTh KOMIIETCHLIMI, YMEHHUH U HaBBIKOB, CTYI€HT HE MOKET IPUMEHUTH TEOPUIO B HOBOM
CUTYaII1N)

4) peuieHne pacueTHON 3a1a4M BBI3bIBAET 3aTPyIHEHHUS.

Ouenka «2» (Hey10BJIETBOPUTEIBHO) CTABUTCS, €CIIU:

1) He pacKkpbITO OCHOBHOE COZIEp KaHNe Y4eOHOIo MaTepuaa;

2) oOHapy>K€HO HE3HAHME WM HENOHUMaHHe OoJiblIell WM Haumbosee BaXKHOW YacTH
y4eOHOro Marepuana;

3) nomy1ieHsl OIMOKY B ONPEAEICHUN OHITHM, IPU UCIOJIb30BaHUU TEPMHUHOJIOTHH, KO-
TOpBIE HE UCIPABJICHBI [10CIIE HECKOJIBKUX HABOASALIMX BOIIPOCOB)

4) ve chopMupoBaHBI KOMIIETEHIINY, YMEHHSI X HABBIKN )

5) pacueTHas 3aJaya He pelLIeHa.

IIpumepHBbIe BONPOCHI K IK3aMeHY

1. IIpenmer u conepxkanue pusnueckoi xumuu. Poib pu3ndeckoil XumMmun B COBpeMEHHON
OMOJIOTHH Y XUMUH.

2. OCHOBHBIE MOHSATUS XMMHUYECKOH TEPMOJMHAMUKH: CUCTEMa, IPOLecC, TePMOJIUHAMU-
yeckue napameTpbl. PopMbl 0OMEHA SHEPTUU CUCTEMBI C OKPYXKAIOLIEH cpesoi: TemioTa u pa-
6oTa.

3. TertoemkocTh. Bunel TenmmoeMkocT. PacdeT TEI0eMKOCTH.

4. TennoeMKOCTb. MOJIEKYIIPHO-KHNHETHYECKAs! TEOPHSI TEIJIOEMKOCTH Ta30B.

5. IlepBsIii 3aKOH TepMOAMHAMHUKU. [IpuiokeHne nepBoro 3aKk0OHa TEPMOJNHAMUKH K HU30-
TEPMUYECKUM, U30XOPHBIM, H300apHBIM U a1Ma0ATHYECKUM IPOIIECCaM.

6. OcHoBHo# 3akoH Tepmoxumuu I'. U. I'ecca u cneactus u3 Hero. 3akon P. Kupxroda.

7. Bropoii 3aKOH TepMOJUHAMUKU U €ro pasiauuHble popMyaupoBku. OO0CHOBaHHE BTO-
poro 3akoHa tepmoanHamuku. [{ukn Kapno. Teopembr Kapuo, Knaysuyca-Kapno.

8. DHTponus. YpaBHEHHE BTOPOrO 3aKOHA TEPMOJMHAMMKH Ul OOpaTUMBIX U HeoOpaTu-
MBIX IporieccoB. TepMoarHaAMHUUYECKasi U CTATUCTUYECKAs] HHTEPIIPETaLUs SHTPOIIHH.

9. Pacuer 3HTpONMHM B pa3IMYHBIX IPOLECCAX. 3ABUCUMOCTh SHTPOIIMH OT N1apaMeTPOB CO-
CTOSIHMSL.

10. Tperuii 3akoH TepMoauHaMuKH. TeruioBast Teopema HepHeTa. AGCONIOTHBIE SHTPOIHU
XUMHUYECKHUX COCTUHEHUM.

11. Kputepun camMonpou3BOIBHOIO MPOTEKAHUS MPOLIECCOB U IOJIOKEHHUST PABHOBECHUS B
M30XOPHO-U30TEPMUYECKIX U M300apHO-U30TEPMHUECKUX YCIOBMSIX: dHEeprus l'eabmronbua u
sHeprus ['n60ca.

12. 3aBUCHUMOCTH TEPMOIMHAMUYECKUX IMOTEHIINAIOB OT [apaMETPOB COCTOSIHUS CUCTEMBI.
VYpasuenne ['m60ca-I enpmromnsiia.

13. dynnaMeHTanbHbIE YpaBHEHUS! XUMUYECKOUN TepMoguHamMuKku ['n6oca.

14. OcHOBHBIE IPU3HAKKU COCTOSHUS XMMHUYECKOIO PaBHOBECHS. 3aKOH JIEHCTBUSA Macc, €ro
KUHETUYECKUN U TEPMOJTUHAMUYECKUIN BBIBO/I.

15. CriocoOb! BbIpakeHUs] KOHCTAaHT XMMUYECKOT'O PABHOBECHS U B3aMMOCBSI3b MEXKIy HH-
MHU.

16. YpaBHEeHHE M30TEPMBI XMMHUYECKON PEAKIMU. 3HAUEHHUE 3TOr0 YpaBHEHUS Ul OIpe-
JICJICHUS] HAIIPABJICHUS IPOTEKAHUS XUMHYECKOM pEeaKLUu.

17. BausiHue pa3nu4HbX (PaKTOPOB Ha IMOJIOKEHHE PAaBHOBECHUS. 3aBUCUMOCTh KOHCTAHT
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paBHOBECHsSI OT TeMIIepaTyphl, YypaBHEHUS U30XOPhl U M300apbl XUMUYECKON peakuuu. BiusHue
JaBJICHUs U KOHLEHTpaluil Ha XUMUYECKOE paBHOBecUE, ypaBHeHue [nanka.

18. PacyeT KOHCTaHT XUMHYECKOTO PABHOBECHSI.

19. ®a3oBeie paBHOBecusi. OCHOBHBIC MOHATHS U onpeaenenus. [Ipasmno ¢a3 ['nboca.

20. IlpunoxxeHue BTOPOTO 3aKOHA TEPMOJUHAMHUKU K (Da30BbIM MPEBPAIICHUSIM YHUCTHIX
BellecTB. YpaBHeHue Knanelipona-Kiaysuyca.

21. ®u3MKO-XMMHUYECKU MeToJ| aHaiu3a. Tepmudeckuil ananus. [loctpoenue nuarpamm
IUTABKOCTH.

22. O0mas xapakTepUCTHKa pacTBOPOB. TepMoarHAMUYECKass Teopus pacTBOpoB. [lapim-
JIbHBIC MOJIbHBIC BETMYMHBI M X 3HaYCHHUE B TEPMOAMHAMUKE pacTBOpOB. YpaBHeHue ['nbOca-
Hrorema.

23. JlaByieHrE HACBIILIEHHOrO IIapa KOMIIOHEHTa HaJ pacTBopoM. 3akoH Payns. Ilomoxu-
TeJbHBIC U OTPULIATEIbHbIC OTKIIOHEHHSI OT 3aKkoHa Pays.

24. Knaccudukanusi pacTBOpOB: HACAIbHBIE, IPEIAeIbHO-pa30aBICHHbBIC U pealbHble (He-
ujieabHbIe) PACTBOPHI.

25. TepmomuHaMuKa KUAKUX JeTydnx cMmeceid. CoctaB mapoBoil (a3sl HaJ pacTBOPOM.
3akonsl /[[.I1. KonoBanoBa. A3€0TpONIHbBIE CMECH.

26. [leperonka )KUIKUX JETy4nX cMeceld. PexTuduxanms.

27. PacnpeneneHue pacTBOPEHHOTO BEIIECTBA MEXY IBYMS HECMEIIUBAIOIIUMUCS pac-
TBOPUTEISAMU. DKCTPAKIIMSL.

28. KonnuratuBHbBIE CBOWCTBA PACTBOPOB HEINEKTPOIUTOB. 3akoHbl Payns u Bant-I'odda.
Kpuockomnus. D0ynmuockomnusi.

29. Teopust cnabbix 37eKTpoauTOB. CBONCTBA PacTBOPOB CIIA0BIX DJEKTPOJIUTOB. 3aKOH
pasbasiienust OcTBabaA.

30. OTKJIOHEHHUSI B TIOBEJIEHUU PACTBOPOB DJIEKTPOJIUTOB OT PACTBOPOB HEDIEKTPOIUTOB.
N3oToHnYecKuit KO3PPUIIMEHT, B3aUMOCBS3b €r0 CO CTETEHbIO TUCCOLMALINU.

31. IlpnunHbBI 1 MEXAHU3M DJIEKTPOJUTHUECKON AUCCOLUALINH.

32. TepmoauHamMuKa pacTBOPOB AJIEKTPOJIUTOB. AKTUBHOCTh U MOHHAs CHJIa PACTBOPOB.

33. DnexkTpocTaTHUecKasi TEOpUsl CUIIbHBIX 3JIEKTPOIUTOB Jlebast-Xokkens.

34. DnekTpuyeckas TPOBOJUMOCTb PACTBOPOB DJIEKTPOIUTOB. 3aBUCUMOCTH JIEKTPOIIPO-
BOJIHOCTH OT pa3zianuHbIX (hakTopoB. KongykromeTrpus.

35. OCHOBBI TEOpPHUU DIIEKTPONPOBOIHOCTH [[ebasi-Onzarepa: 35eKTpodopeTHUecKuii u pe-
JakcaunoHHbIN 3¢ dexTrl. DddexTsl Buna n Jlebas-DanbkeHrareHa.

36. DnekrpoxuMudeckue cucreMbl. OCHOBHBIE MOHATHUSA: JIEKTPOJI; TaJIbBAHUYECKUH 3Jie-
MEHT; MpaBUjIa 3aIUCH IEKTPOXUMHUECKUX CHCTEM M INPOLIECCOB, MPOTEKAIONINX B HUX; JJICK-
TPOXUMHUYECKHUH MOTEHLINAN; 3JeKTpoaHbINA notenuuan; IC.

37. PaBHOBecusi B DJEKTPOXUMHYECKHUX cHcTeMax. YpaBHeHuss Hepucra um ['mGGca-
I'expMrombna.

38. Ckauok moTeHIMajga Ha MeX(a3HbIX T'paHMIAX: METAJI-pacTBOpP; PAacTBOP-PacTBOP;
MeTaJlJI-MeTaJll.

39. PaBHOBECHBIE AIIEKTPOIHBIE MOTEHIMANIBI. BogopoiHas mikana 3J€KTPOJHBIX TOTEHIH-
anoB. CtanaapTHBIE AJIEKTPOIHbIE MOTEHIMANbL. [loTeHnomeTpus.

40. Knaccuduxarnus 31eKTpoI0B.

41. DNEeKTPOXUMHYECKUE LIETH.

42. CKOpOCTb IEKTPOXUMUYECKHUX ITpoLieccoB. KOHLIEHTpallMoHHAas NOIspU3anisl.

43. DaexTpoXuMHUUecKas TOJISIpU3aIus dJIEKTPOIOB MpHU dJeKTposm3e. YpaBHeHue Tade-
Ts1.

44. DnexTpoau3 paciylaBOB U pacTBOPOB AJEKTPOIUTOB. 3akoHbl Dapanesd. Beixoa mo to-
Ky. DJIIEKTPOXUMUYECKUE IKBUBAJIICHTBHI.

45. Koppo3us MeTaioB U CIuiaBoB. Bubl kKoppo3un. MeToibl 3aUThl OT KOPPO3HUH.

46. IIpenmer u 3aa4u XUMUYECKON KMHETUKA. OCHOBHBIC OHATUSI XUMHUECKOW KUHETH-
ki. Kunetnyeckuii 3aK0H IEUCTBUS Macc.
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47. Knaccudukanus peakiuii B XUMHYECKOW KHHETHUKE.

48. Pacuer KOHCTAHT CKOPOCTEM MPOCTHIX PEaKLUW MEPBOro, BTOPOro0 U TPETHEro MOPsi-
KOB B XUMHUYECKOU KUHETHUKE.

49. 3aBUCHMOCTb CKOPOCTM XHUMHUYECKOW peakuuu oT Temneparypsl. lIpaBuno Bant-
I'odda. YpaBHeHUe AppeHunyca. JHEpPrusi akTUBAIUH.

50. Teopust akTUBHBIX CTOJIKHOBEHUN B XUMUYECKON KMHETHKE.

51. Teopust akTHBUPOBAHHOT'O KOMILIEKCa (MIEPEXOJHOTO COCTOSHUS) B XUMUYECKOM KUHE-
tuke. Tepmoannamuueckuit acnekt TAK.

52. Karanus. Buasl katannsza. OCHOBHBIE 3aKOHOMEPHOCTU. [IpuunHBI 1 MEeXaHU3M Karta-
JUTUYECKOTO JeicTBUs. Poib KaTtanu3a B XUMUU U IPOMBIIIIICHHOCTH.

53. 'oMOreHHbIN KaTaJlus.

54. Tereporennsnii karanus. [Ipodunb mMyTH TreTepoOreHHOW KaTaIUTHYECKOW PpEeaKIHH.
Posb ancopOunu B reTeporeHHOM KaTau3e.

55. Teopuu reTeporeHHOro Kataiamsa.

6.3 OneHo4HbIe cpecTBA 1JI NIPOBEPKH YPOBHS c()OPMHPOBAHHOCTH KOMIIETEHIIMIi:
YK-1, OIIK-8, [IK-2

TecTbl cofepkaT cleAyIolue TUIIb 3aJaHHH

Ne 3a1a- Bec 3apa- | Pe3yabrart onennBanus (0asibl, MOJy4eH-
Tun 3aganusa st HUSA Hbl€e 32 BBITIOJIHEHHE 3a/]aHusl / XapaKTepH-
(6amn) CTHKA NPABUJIBHOCTH 0TBETA)
3aJIaHusl 3aKPBITOTO 1,2, 3 1 Oamn 1 6 - monmHOe TpaBUILHOE cooTBeTCTBHE; () O -
THUTIA C BBIOOPOM OJI- OCTaJbHBIC CITyYan
HOTO TIpaBUILHOTO (1
u3 4)
3a/IaHMS 3aKPBITOTO 4,5,6,7 |2 0ama 2 0 — MOJIHOE MPaBUIIBLHOE COOTBETCTBHE (ITO-
THUTIA C BEIOOPOM He- CJIEJIOBATEIILHOCTh BAapPHAHTOB OTBETA MOMKET
CKOJIBKMX MPaBUIIbHBIX ObITh MI000#); 1 6 — ecnu mgomylneHa oOjaHA
oTBeTOB (3 U3 6) omuOKa / OTBET MPABWIbHBINA, HO HE TIOJHBIH;
0 6 — ocTanbpHBIC CTyYan
3aJIaHus 3aKPBITOTO 8,9 2 dajuta 2 0 — moJHOEe MPaBWILHOE COOTBEeTCTBHE; 1 O
TUTIA HA YCTAaHOBIICHUE — €CIIi JIOTyIIeHa OJIHa OIMOKa / OTBET Ipa-
cooTBeTCTBUs (4 Ha 4) BWJIbHBIA, HO HE MONHBIN; 0 6 — ocTanbHBIC
ciyJau
3a/IaHKE 3aKPBITOTO 10, 11 2 Oamia 2 0 — MoJHOE MpaBWILHOE COOTBETCTBHE; 1 O
TUTIA HA YCTaHOBIIEHUE — €CIIM JIOTyIIeHa OJIHa OIKOKa / OTBET mpa-
IMOCJIEIOBATEILHOCTH BUJIbHBIM, HO He MOJHEIN; 0 6 — ocCTaJbHBIE
ciyJau
3aJIJaHUs OTKPBITOTO 12, 13 3 baita 3 0 — moyHOE TpaBWIILHOE cooTBeTcTBHE; O O
THUTIA C KPAaTKUM OTBe- — OCTaJIbHBIE CITyYaHu.
TOM
3a/1aHUs] OTKPBITOTO 14, 15 5 6amnoB | 5 6 — MONIHOE MPaBUIIBHOE COOTBETCTBHUE; €CITU
THMA C Pa3BEPHYTHIM JIOTyIIIeHa OJIHAa OIMMOKAa/HETOYHOCTH / OTBET
OTBETOM MpaBWIbHBIN, HO HE MOJHBIN - 3 Oamna; eciu
JOTYIIEHO 0oJiee OHOM OmMUOKH / OTBET He-
MIPaBIJIBbHBIN / OTBET OTCYTCTBYET — () OayyioB
dopmupyemast NuaukaTopsl ¢chopMHUPOBAHHOCTH KOMIIETEHIUH

KOMIICTCHU M A
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YK-1. Cnocoben ocymiecTBisaTh mo- | e  YK-1.1 JlemoHCTpHpyeT 3HaHHE OCOOCHHOCTEH CHCTEM-
UCK, KPUTHYECKMH aHalW3 W CUHTE3 | HOTO M KDMTHYECKOTO MBIIIEHHS M TOTOBHOCTD K HEMY;
uHbopMayu, npuMeHaTh cucremubiii | ®  YK-1.2 Haxonwut u kputunyeckn ananusupyer nundopma-
moaxon i pemeHHﬂ IIOCTAaBJICHHBIX ouro, HCO6X0,I[I/IMy}O JJ11 PEHICHUS IIOCTAaBJICHHOM 3aaa4H,
3a1a4, WHAMKATOPAMH JOCTIIKCHHS | ® VK-1.3 AprymentupoBanHo (HOpMHPYET COOCTBEHHOE
KOTOPOIt SABIAIOTCS: CYXIEHHE W OIEHKY WH(pOPMAIUK, TPUHUMAET 00OCHOBAH-
HOE pelICHHE.

3ananue 1. Kakoii TepMoauHaMUYecKHii MOTEHIUAJ ABJISETCS KPUTEpPHeM HaNPaBJIeHUs
CaMOIIPOM3BOJILHOIO Mpollecca U PABHOBECUS] B H300apPHO-N30TEPMHUYECKUX YCJIOBUAX?
1. Bnyrpennsis sueprus (U)

2. Ouranbmus (H)

3. DOmueprus 'enbmronsna (F)

4. Dueprus ['mooca (G)

Otser: 4

3ananue 2. 3akon pa3oaBieHusi OcTBajib/ia CBA3bIBAeT KOHCTAHTY IMCCOLMALMH CJIA00T0
IJ1EeKTPOJINTA C:

1. Temmneparypoil KuneHus: pacTBopa

2. CreneHbplo IUCCOIMAIMY U KOHIICHTpAIUeH

3. KoaddunueHTroM akTHBHOCTH HOHOB

4. DAeKTpONpPOBOAHOCTHIO PU OECKOHEYHOM pa30aBiIeHUN

OtBert: 2

3aganue 3. Kakoii npouecc B M30JJMPOBAHHOI cHcTeMe BCera NPpoTeKaeT CaMOINPOU3BOJIb-
HO?

1. [TIlpouecc ¢ yBenuuenueM sHTanbnuu (AH > 0)

2. ITlponecc c ymenbiieHrneM BHyTpeHHel sHeprun (AU < 0)

3. Tlporecc ¢ yBenmmuenuem 3uTpormu (AS > 0)

4. Tlpouecc ¢ yBennueHueM sHeprun 'm60ca (AG > 0)

Otsert: 3

3ananue 4. Kakue u3 nepeyuciieHHbIX BeJIMYUH SABJAIOTCH PYHKIHUSAMHI COCTOSTHUSA ?
Pabota pacumpenus (W)

Ounransnus (H)

TennoTta npotecca (Q)

Oueprust [m606ca (G)

Buytpennss sneprus (U)

. KonmuecTBo TeIOTH, BRIACTUBIIEECS TPH TOPSHUN BEIIECTBA

OtBer: 2,4, 5

ouhwdE

3ananmne 5. Kakue U3 nepeyucieHHbIX IPOLECCOB CONMPOBOXKAAITCH YBeJIUYeHHEM IHTPO-
MUH CUCTEMBI?

Konnencanus napa

Hcnapenue KuaKkocTu

Coxuranue JpeBeCUHbI

Kpucrannmuzanus coiu U3 nepechbleHHOro pacTBopa

CwmelnieHue IByX ra3on

. Cxxarme naealbHOTO ra3a

OtBer: 2, 3,5

ook owdE

3ananue 6. Kakue u3 nepeyncjieHHbIX CBOCTB pa30aBieHHbIX PACTBOPOB HEIJIEeKTPOJIH-
TOB SIBJISIIOTCSH KOJUIMTATHBHBIMHU?
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[ToBepXHOCTHOE HATSIKEHUE
OcMOTHYECKOE /1aBJICHHE

[Tonmxenue TemrepaTypsl 3aMep3aHus
[Ber

[ToBbilIeHNE TEMITEPATyPbl KUTIEHUS

. DJEeKTpONpPOBOIHOCTD

OtBer: 2, 3,5

ouawNE

3ananue 7. Kakue u3 nepevuncieHHbIX GaKTOPOB MOTYT CMeEIIATh XMMUYECKOe PABHOBeCHe
B cooTBeTcTBUM ¢ npuHiunom Jle Ilarenne?

1. H3meHeHME KOHLEHTPALMU OJIHOTO U3 PEareHTOB

2. VI3meHeHue naBieHUs (Ul pEaKUi C y4acTUEM T'a30B)

3. JloGaBiieHue KaTaym3aTopa

4. 3meHeHue TemrepaTypbl

5. H3MenbueHue TBEPIIOTO peareHra

6. U3meHenne oObeMa peakTopa

Oteet: 1,2, 4

3ananue 8. YcraHoBHTE COOTBETCTBHE MEKIY MOHATHEM M €ro OnpeieieHueM:
DHTANBNUA : TEIIOBOU (P QeKT mporecca, MPOTEKAIOUIETo P MOCTOSTHHOM JaBJICHUH
Ourtponus : DyHKUUS COCTOSIHUS, OTPAXKAIOLIAsl MEPY HEYIIOPSIAOYEHHOCTH CUCTEMBbI
Oueprus ['enbMromnbua : KpUTepHii BO3SMOXKHOCTH CaMOIIPOU3BOJILHOTO MPOLIECCa B U30XOPHO-
M30TEPMUYECKUX YCIIOBUAX

Oueprus ['m66ca : kpurepuil BOSMOKHOCTH CaMOIIPOM3BOJILHOTO TIPOIIecca B U300apHO-
M30TEPMUYECKUX YCIOBUAX

3ananue 9. YcraHOBHTE COOTBETCTBHE MEKIY NMOHATHEM XUMHYECKOH KMHETHKHU U €ro
onpejaeleHHeM:

DHeprus akTUBAIMU : MUHUMAIIbHAs YHEPTHS, KOTOPOI TOJKHBI 00J1aAaTh MOJIEKYJIIBI 11 (-
(EKTUBHOTO CTOJIKHOBEHUS

MonekyJIIpHOCTh PEAKLUH : YUCIO MOJIEKYJI, YYaCTBYIOIIMUX B 3JIEMEHTAPHOU CTAJIUU PEAKLIUU
[Topsiiok peakiuu : cymma rokasaresieil CTereHel B KWHHETHYECKOM YpaBHEHUN

KaranuzaTop : BemecTBo, yBeJINYUBAIOIIEE CKOPOCTh PEAKIIMU, HO HE PACXOAYyIOIIeecs B Mpo-
necce

3ananue 10. YcraHoBUTE NPABUJILHYIO NIOCJIEA0BATEIbHOCTD CTAHI reTEPOreHHOr0 Kara-
Ju3a (Ha mMpuMepe CMHTe3a aMMHAKA HA JKeJIe3HOM KaTaJu3arTope).

1 : Incdy3us monekyn a30Ta U BOJOPOJa K IOBEPXHOCTH KaTajln3aTopa

2 : AncopOuus MOJIEKYyJT Ha aKTUBHBIX LIEHTPaX KaTalau3aropa

3 : Xumuyeckoe B3auMO/ieiicTBIE ¢ 00pa30BaHNEM aKTUBUPOBAHHOTO KOMILJIEKCA U MPOJTYKTOB
4 : JlecopOuust MOJIEKYJT aMMHUaKa C MOBEPXHOCTH KaTalu3aTropa

3aganue 11. YcTraHoBUTe NPABUJILHYIO MOCJIECA0BATEIBLHOCTD AeHCTBHI IIPU pacyeTe Tel-
J0BOro 3¢ ¢eKra peakiuy N0 CTAHAAPTHBIM JHTAJILIUAM 00pPa30BAHUS BellEeCTB.

1 : 3anuch cOaaHCUPOBAHHOTO XMMUYECKOTO YPABHEHUS pPeaKIuu

2 : HaxoxaeHune B CIPaBOYHUKE CTAHAAPTHBIX SHTAJIBINN 00pa30BaHMs BCEX YYACTHUKOB peak-
UH

3 : Pacuer no popmyne: AHpeaxuun = SAH® f(npoxyxkrsi) - SAH® f(pearentsr)

4 : Ananu3 3HaKa NOJYYEHHOW BETMYHMHBI (9K30-/3HI0TEPMUYECKast PeaKins)

OtBer: 1,2, 3,4
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3ananue 12. lonnmure HepocTaIMe ¢JI0Ba B (hpopMyiupoBKe 3akoHa ['ecca: TemyioBoii
3P PeKkT XUMHUYECKOIl peaKIIUM 3aBUCUT TOJIbKO 0T HAYAJIbHOI0 U COCTOSTHMS
BellleCTB U He 3aBUCHUT OT IYTH Ipolecca.

OTBeT: KOHEYHOT 0

3ananue 13. JHTpONMSA NAEATbHO KPUCTAIIMYECKOI0 BelleCTBA NMPHU a0COJTI0THOM HYJIe
TeMIepaTypbl paBHa .
OtBert: HYyIIO

3aganue 14. Ucnoan3ys npasuio ¢ga3 'ndoca, onpenesnre YucjaI0 creneHei cBo00AbI A5
obs1acreil, IMHUN U TPOITHON TOYKHU HA MArpaMMe COCTOSIHUS BOJbI.

Oteet: O0aacTu (ogHa ¢asa: jen, xuakasa soga win nap): O=1, C=1-1+2=2. Cucrema om-
BapMaHTHA. JTO O3HAYaeT, YTO AJISl OJTHO3HAYHOI'O OMHCAHUS COCTOSTHUS CUCTEMbI MOXKHO He3a-
BHCHMO MEHSTh B HEKOTOPBIX MPEJIEIax U TEMIIEPATypy, U JaBJICHNUE.

Jlunuu (aBe ¢a3pl B pABHOBECUM, HAIP., Jea-Boaa): O=2, C=1-2+2=1. Cuctema MOHOBapu-
aHTHA. DTO 03HAYAET, YTO ISl COXPAHECHHS PABHOBECHUS MEXIY ABYyMs (DazaMu MOXKHO MTPOU3-
BOJIBHO MEHSTH TOJIBKO OJIMH MapaMeTp (Hampumep, TeMIrepaTypy), Torjaa aaBjieHue OyJaeT of-
HO3HAYHO OIPECIATHCS 3TON TeMIepaTypoi (Wi Hao0opoT).

Tpoiinas Touka: gex-soga-nap: O=3, C=1-3+2=0. Cucrema HHBapuaHTHA. DTO O3HAYAET,
YTO COCYIIECTBOBaHME TpeX (ha3 BO3MOMKHO TOIBKO MIPU CTPOTO ONPEIEICHHBIX 3HAYCHUIX TEM-
neparypsl 1 faBieHus. Jlroboe n3MeHeHue 3TUX MapaMeTpoB MPUBEIET K MICUE3HOBEHUIO OJIHOMN
u3 (as.

3aganue 15. B kaigopumerp, cogepaxkamuii 100 r Boas npu 25°C, nomectuiu 10 r ruapo-
kapOonarta Hatpus (NaHCQ3). [Iocsie nmoJiHOro pacTBopeHHs U YCTAHOBJICHHUS TEIJIOBOI0
paBHOBecHs TeMIlepaTypa BoJbl NoHM3MIach 10 23.2°C. Kak pacueTHbIM NyTeM omnpe/e-
JINTH SIBJISIETCS MPOLECC IK30TEPMUYECKIM HJIH JHI0TEPMUYECKUM ?

OrtBet: PaccunTtaem Temnory, NoriomeHHyto B nporecce: Q=m *c * AT =110 * 4.18
JLx/(r-°C) * (23.2 - 25.0)°C = -827.64 JIx. 3Hak "-" yka3bIBaeT Ha TO, YTO TEIJIOTA MOTJIOIAETCS
CUCTEMOH (3HIO0TEPMHUUECKH MpoLIecc).

Cbole/lpyeMaﬂ I/IHI[I/IKaTOI)bI C(l)OpMHpOBaHHOCTI/[ KOMIIETCHIUHU
KOMIICTCHI M A

OIIK-8. Cnioco6eH ocymiecTBisATh mne- | ¢ OITK-8.3 JIeMOHCTPHpPYET CIIENUAIbHBIE HAy4YHBIE
JIarOTMYECKYIO JEATEIBHOCTh Ha OCHO- | 3HAaHMs, B TOM YHCIIE B IIPEIMETHOM 00IaCTH.

BE CIENUAILHBIX HAYYHBIX 3HAHWIA,
MHIMKATOPAMM JOCTHIKEHUS KOTOPOH
ABJIAIOTCS:

3aganue 1. Kak ¢opmynupyercst nepBblii 3aKOH TePMOAUHAMHUKH JJIs1 M30JITUPOBAHHOM CH-
crembl?

1. DOHTponus M30JMPOBAHHON CUCTEMBI CTPEMUTCS K MAKCUMYMY.

2. BHyTpeHHsIs SHEPTHS W30JIMPOBAHHON CHCTEMBI TIOCTOSTHHA.

3.  DHTanbnus U30JUPOBAHHOMN CUCTEMBI paBHA HYIIIO.

4. DOmueprus ['mb6ca U30a1MpOBAHHON CHCTEMBI MUHUMAJIBbHA.

Otger: 2

3aganue 2. Kakoii npouecc onucoiBaercs ypapHenneM Knaneiipona-Knaysuyca?
1. 3aBucHUMOCTH CKOPOCTH PEAKIIMH OT TEMIIEPATYPHI.

2. 3aBHUCHUMOCTb JABJICHHS HACKHIIIEHHOTO Mapa OT TeMIIePaTyPhlL.

3. 3aBHCHMOCTb HJIEKTPOIPOBOJHOCTH OT KOHIIEHTPALIUH.
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4. 3aBHCHMOCTh KOHCTAHTBI PABHOBECHS OT JIABJICHHUS.
OrtBer: 2

3ananne 3. Kakoii n3 nepe4ncjieHHbIX 3J1eKTPOA0B ABJSIETCS JIEKTPOA0OM MepBoro poaa?
1. XnopcepeOpsiHbII JIEKTPOI.

2. KanomenbHBIN JIEKTPO/I.

3. Bomopoansiii anekTpo.

4. CTeKJIsHHBIN 3JIEKTPO/I.

OtBet: 3

3ananme 4. Kakue n3 nepedncieHHbIX yTBEPKIACHUN XapaKTepU3yIOT CTaHAapTHOE COCTOSIHUE
Beulecta? (Boibepute 3 Bapuanra)

Jliis ra3za - THIOTeTUYECKOe COCTOSIHUE UJIEATIbHOIO Ta3a IpU AaBieHuu 1 Gap.

st KoHAeHCUPOBaHHOMU (Da3bl - YUCTOE BEIIECTBO MPH AaBiIeHUH 1 Oap.

Jliis pacTBOpa - COCTOSIHUE NMPU OECKOHEYHOM pa30aBICHUH.

Jiist pacTBOpa - COCTOSTHUE NP KOHIEHTPAUU 1 MOJIB/II.

CraniapTHOE COCTOSIHME 3aBUCUT OT TEMIIEpaTyphbl.

CraHgapTHOE COCTOSIHUE 3aBHCHUT OT JIABJICHHSL.
OTBeT. 1,2,5

I

3aganue 5. Kakue u3 nepedncjieHHbIX POLECCOB CONMPOBOKIATCH YBeJIUYeHHEM IHTPO-
nuu cucrembl? (BoiGepurte 3 BapuanTa)

HcnapeHue »XUIKOCTH.

Kpucrannmm3zauus pactsopa.

CwMerieHue 1ByX razos.

CikaTue uieanbHOro rasa.

PasnoxeHue BemiecTBa Ha npoctsie rassl (Hamnp., CaCOz; — CaO + COy).

YropsiiounBaHue CTPYKTYPBI TPH OXJIAXKICHUU.
OTBeT. 1,3,5

oA~ wWNE

3ananme 6. Kakue U3 nepeyucaIeHHbIX BeJIHYUH ABJISIOTCH KOJJIMIATHBHBIMH CBOMCTBAMU
pa30aBJjieHHBIX PACTBOPOB Hed1eKTPoauToB? (BbiGepuTe 3 BapuanTa)

OcMOTHYECKOE TaBIICHHE.

IBer.

[ToBepXHOCTHOE HATSKEHUE.

IToBbIIEHNE TEMIIEPATYPBI KUIICHUS.

DIIEKTPONPOBOIHOCTb.

[ToHrKEeHNE TEMITepaTyphl 3aMep3aHus.
OTBeT‘ 1,4,6

ouhwdE

3ananne 7. Kakue u3 nepeyucieHHbIX (aKTOPOB CMEMIAI0T XMMHYECKOe PABHOBeCHE B CH-
creme Ny (1) + 3H,(r) 2 2NH3(r) + Q B cTopoHy o0pa3oBaHust npoaykra (Bnpaso)? (Bbide-
puTe 3 BADHAHTA)

[loBbIlIEHNE TEMIIEPATYPHI.

IToBrITIIEHME TABICHUS.

[TonmxeHue naBieHUs.

YBennyeHrne KOHIEHTPAIMK a30Ta.

VBenuueHne KOHLIEHTPAllui aMMHAKa.

Hcnonp3oBanue karaimnzaropa.

OTBeT. 2,4,6

ook owdE
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3ananue 8. YcTaHOBHTE COOTBETCTBUE MEK1Y TEPMOAUHAMUYECKUM MOTEHUUAIOM H yCJI0-
BHSIMH €r0 NOCTOSIHCTBA B PABHOBECHU:

Dueprus ['m606ca : T=const, P=const

Oueprus ['ensmromnbia @ T=const, V=const

Brytpennss sueprus : V=const, S=const

Duranenus . S=const, P=const

3ananue 9. YcTaHOBHTE COOTBETCTBHE MEK/IY 3aKOHOM/YPaBHEHHEM H ero (popmMyJimpoB-
KOM/Ha3HAUeHHEeM:

3akon ['ecca : TemnoBoit 3(h(heKT peakiuy 3aBUCUT TOJIBKO OT HAYaIbHOTO U KOHEYHOTO COCTOSI-
HUSL.

3aKoH JACUCTBYIONIUX MACC : 3aBUCUMOCTb CKOPOCTH PEAKIIUU OT KOHIIEHTPAIIUU PEareHTOB.
VYpaBuenue HeprcTa : 3aBUCHMOCTB 3JI€KTPOIHOTO IIOTEHIIMATA OT KOHIIEHTpaIuu - B)
Ypasaenue n3obapel Baut-I'odda : 3aBUCUMOCTD KOHCTAHTHI PABHOBECHUS OT TEMIIEPATYPHI.
3ananue 10. YcTaHOBUTE MOC/I€10BATEIbHOCTH CTA/INI B HIENHOW peaKkIUuu ¢ HEPa3BeTB-
JICHHBIMH LeIAMHU:

1 : UaumuupoBanue (3apoxACHUE 1SN ).

2 : Poct (mpooykeHue) nenu.

3 : OOpbIB (rubenp) HemnH.

3ananme 11. YcraHoBuTe NpaBUIIBHYIO N0CJI€10BATEIBHOCTh PacUeTa M3MEHEHHUS YJHEPIruu
I'n60ca xumMHn4yecKoii peakuy NMPH CTAHIAPTHBIX YCIAOBUAX:

: HaliTu cTanapTHble SHTaIbIMKU 00pa30BaHUs BCEX YUaCTHUKOB PEAKIIUH.

: Haiitu ctanapTHble aOCOIIOTHBIE SHTPOIMU BCEX YYACTHUKOB PEaKIUH.

: Paccunrtarh craniapTHOe H3MEHEHHE SHTAIbNUU peakuuu (AH®).

: PaccunTath cTaHapTHOE U3MEHEHHE SHTPONUM peakiuu (AS°).

: Paccumnrars crangaptHoe n3mMenenue sHeprun ['md0ca peakunu no popmyne AG® = AH® -
TAS®.

DN DWW N =

3aganue 12. ®yHKIUA COCTOSTHUSI CHCTEMbI, M€Pa PACCeSIHAS YJHEPTHH, H3MEHEHHE KOTO-
poii B 00paTHMOM NpoLecce PABHO NPHBEICHHOM TeII0Te — 3TO
OtBeT: DHTpPONIUA

3aganue 13. CBoiicTBa pacTBOpPOB, 3aBHCALIHE TOJBKO 0T KOJHYECTBA YACTHIl PACTBOPECH-
HOI'0 BelllecTBa U He 3aBHCALIHE OT UX NPUPOAbI HA3bIBAKOTCA .....
OTBeT: KOJITMTaTHBHBIC CBOMCTBA

3aganue 14. O0bsicHUTE, IOYEMY H KaK SIBJICHHE 0CMOCAa UIPAET KIHYEeBYI0 POJib B 0M0JI0-
ruyeckux cucremax. [IpuBeagure npumep.

OtBet: OcMoc 06ecrieunBaeT peryJisuio BOJIHO-COJIEBOI0 0OMEeHa U Typrop (YyInpyrocThb) Kie-
Tok. Kiterounast memOpaHa sBsIeTCs] TIOMyIPOHUIIAEMOM TIeperopoikoid. Ecim moMecTuTs Kiiet-
Ky B TUIIOTOHUYECKUH pacTBOp (C MEHbIIEeH KOHIIEHTpaLuel coneil, 4eM B KJIeTKe), Boaa Oyaer
MOCTyNaTh BHYTPb KJIETKH, YTO MOXKET MPUBECTH K €€ HaOyXaHUIO U JaXKe pa3phiBy (TeMOJIN3
JUISL SPUTPOLMTOB). ECIM MOMECTUTH KIIETKY B TMIIEPTOHMYECKHH pacTBOp, BoJa OyIeT BBIXO-
JTUTh U3 KJIETKH, YTO MIPUBEJIET K €€ CMOPILKBAHUIO (T1a3Moin3). B n30TOHMYECKOM pacTBOpe
MOTOKH BOJBI YPABHOBEILIEHBI, M KJIETKA COXPAHSAET CBOIO ()OPMY U JKU3HECTIOCOOHOCTh. ITO
(byHIaMeHTaJIbHO JJIs1 IPOIIECCOB MUTAaHMUsI, BbIACIIEHUS U MOIep KaHNs TOMEoCTasa.

3ananue 15. O0bsicHuTe, B yeM 3akiardaercs npunuun Jle Harease. Ilponsocrpupyiite
€ro NpuMeHeHue VISl MPeICKA3aHus CMellleHNsI PABHOBECHS B IK30TEPMUYECKOH peaKku.
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Otgert: [Ipunmun Jle [llatenbe r1acuT: eciu Ha CUCTEMY, HAXOIAIIYIOCS B PABHOBECHUH, OKa3aTh
BHEIIIHEE BO3/ICHCTBHE (M3MEHUTH TEMIIEPaTypy, JaBJIeHNE, KOHIICHTPAIIMIO), TO pABHOBECHE
CMECTHUTCSI B TAKOM HaIPaBJICHUH, YTOOB! IPOTUBOIEHCTBOBATH 3TOMY U3MEHEHHUIO.

Ipumep ons sx3omepmuyeckoui peakyuu (AH < 0): A+B2C+D+Q.

1. [Ilosviwenue memnepamypwr: Bo3aeiicrsue - noasoa teria. Cucrema OyaeT IpOTUBOAEH-
CTBOBATh - CMELAaTh PABHOBECHE B CTOPOHY YHIOTEPMHUECKON PeaKlny, T.€. B CTOPOHY 00part-
HOM peakiuu (BJIEBO), YTO IPUBOJUT K YMEHBUIEHHIO BbIX01a poaykToB C u D.

2. Ilonuscenue memnepamypui: Bo3neiictsue - oTBoj Terwia. Cuctema OyaeT cMelaTh paBHO-
BECHE B CTOPOHY 9K30TEPMHUECKON PEaKLUH, T.€. MPSIMOI peakiuu (BIPaBo), yBEIHYUBAs BbI-
XOJ] IPOJYKTOB.

3. Tosviuenue dasnenus (11 peakuuii ¢ razamu): CucreMa CMECTHTCS B CTOPOHY YMEHbIIIe-
HUs oObema. HanpaBieHue cMenieHus 3aBUCUT OT U3MEHEHMs YMCiIa MOJIb Ta30B.

dopmupyemast Nuagukaropsbl ¢chopMUPOBAHHOCTH KOMIIETEHIINH
KOMIIeTeHI U

IIK-2. Cnocoben ocymecTBiaTh nega- | I[1K-2.2 IIpuMeHsSET OCHOBHI TEOPUH (PyHIAMEH-
TOTUYCCKYI0 JIEATEIBHOCTh I10 MPO- | TAIbHBIX M MPUKIAIHBIX Pa3/IeiOB XUMHH (HEOpraHUYe-
(uibHBIM HpenMeTaM (IUCHMILIMHAM, | CKOM, aHAIMTHYECKOM, OpraHM4ecKoi, (GU3n4eckoi, Xu-
MOJyJIsIM) B paMKax IpOrpaMMm OCHOB- | Mur BMC, XUMHYECKHUX OCHOB GHOJIOTMYECKUX TIPOIIEC-
HOTO OOIIEro M CPeIHEero oOIIEro 00- | coB, XUMHYECKOH TEXHOJIOTHMH) JUISl PEIIEHUS TEOPETH-
pa3oBaHus, HHAMKATOPAMHM JIOCTHXKC- | YECKUX U MPAKTUYECKUX 3a7ad.

HUSL KOTOPOU SIBIISIIOTCS:

3ananmue 1. Kak ¢popmynupyercs nepBbliii 3aKOH TEPMOAUHAMMKH VIS H30JTUPOBAHHOM CH-
cremMbl?

1. DHTpOIHUS N30TUPOBAHHON CUCTEMBI CTPEMHUTCS K MAKCUMYMY .

2. BHyTpeHHssl SHeprusi U30JIMPOBAHHON CHUCTEMBI TOCTOSIHHA.

3. DHTaANBNMS U30JIMPOBAHHON CUCTEMBI paBHA HYJIIO.

4. Oneprus 'n60ca N301MpPOBaHHON CHCTEMbl MUHUMAaJIbHA.

OtBer: 2

3ananue 2. YpaBHeHHe H30TePMbl XUMHUYECKOH PeaKIMH M03BOJIsieT pACCYUTATh:
1. 3aBUCUMOCTh KOHCTAHTHI PABHOBECHS OT TEMIIEPATYPHI.

2. U3menenue sneprun ['m60ca npu CTaHIAPTHBIX YCIOBUSX.

3. HampaBnenue u BO3MOXXHOCTh IPOTEKAHUS PEAKIIUU TIPH 3aJaHHBIX KOHIIEHTPAIUIX.
4. CKOpOCTh XUMHUYECKOU PEAKIINH.

OtBet: 3

3ananue 3. Kakoil TepMoAMHAMHYECKHH NOTEHIMAJ AABJISIETCH KPUTEPUEeM HANPaBJICHHO-
CTH CAMONIPOM3BOJILHOIO NpoIecca B H300apHO-U30TEPMHUYECKUX YCIAOBUAX?

1. Bnyrpennss sueprus (U)

2. Ownranbnus (H)

3. Dueprus ['enpmromsia (F)

4. Dmueprus ['ub6ca (G)

OrtBer: 4

3ananue 4. Kakue U3 nepe4ucieHHbIX (aKTOPOB BJIUSIOT HA CKOPOCTh IeTEPOreHHON XU-
MHYECKOH peakuuu?

IIpupona pearnpyronimx BeIIeCTB

KonuenTpanus peareHToB B TBepAoi (ase

Temneparypa

Bennunna Mexda3zHoN MTOBEPXHOCTH

JaBnenue (s ra3000pa3HBIX PeareHTOB)

asrONE
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6. Ilpupona pactBoputemns
Oteert: 3,4,5

3ananmue 5. Kakue U3 nepeyucieHHbIX YTBEPAK/AEeHUI CIPABeIJIUBBI J1JIsl CTAHJAPTHOIO BO-
aopoaHoro 3iekrpoaa (BJ)? (Boidepurte 3 BapuanTa)

1. Ero noteHuuan yCIOBHO MPUHST 3a HOJb TPH JIFOOOH Temreparype.

2. OH COCTOUT M3 TUIATUHOBOM TIJIACTHHBI, TOKPHITON TJIATHHOBOW YEPHBIO, TOTPYKEHHOU B
pactBop ¢ a(H")=1.

3. Uepes 37eKTpo1 NPOMYCKAIOT BOJOPO/ IIPH JaBJIeHUH | aTM.

4. OH sBisIeTCS JIEKTPOIOM CPABHEHUSI.

5. Ero norenmman cunsHo 3aBucut oT pH pactsopa.

6. Ou ucnosb3yercs Kak UHIUKATOPHBIN 3JEKTPO B IOTCHIIMOMETPHUU.

OTtBeT: 2, 3,4

3aganue 6. Kakue u3 nepe4ncjeHHbIX CBOICTB PACTBOPOB SIBJISIIOTCS KOJJIMTATUBHBIMU?
TemmnepaTypa KuneHusl.

IBer.

OcmoTuuecKoe IaBiIeHHeE.

DIIEKTPONPOBOTHOCTD.

Temmnepatypa 3amep3aHusl.

. JlaBneHwue mapa pacTBOpUTEIISI HAJl PACTBOPOM.

Ortser: 3, 5, 6.

ok wdE

3ananne 7. Kakue U3 nepe4uciaeHHbIX (PAKTOPOB MOIYT CMECTUTh XUMHYECKOe PABHOBe-
cue B cucteme No(r) + 3Hz(r) 2 2NH3(r) AH < 0 B cTopoHy 00pa3oBanus MPOAYKTa (BIpa-
B0)?

[ToBbIlIEHNE TEMITEPATYPHI.

[loBbIlIEHNE 1aBIICHUS.

[ToHnxeHue naBieHHUs.

VBenuueHne KOHLEHTpAUU a30Ta.

VBenuueHre KOHIIEHTPAIlMd aMMHaKa.

. Wcnonp3oBaHue karanusaropa.

OTtBer: 2, 4, 6.

SoukrwdE

3aganue 8. YcraHoBHTe COOTBETCTBHE MEK1Y THIIOM 3J1eKTPOJA M €ro ONMCAHUEM.
OnexTpo]l 1-To poja : ANEeKTPO], COCTOSIIIUIN U3 MeTaJuIa, MOrPYKEHHOT'0 B pacTBOP CBOMX KaTH-
OHOB (Harp., Zn/Zn")

DeKTpo.l 2-TO poJia : ANEKTPOJ], 00PaTUMBIA OTHOCUTENILHO aHHMOHA, 00pa3yIoIIEero Manopac-
TBOPUMOE COETMHEHHE ¢ KaTHOHOM MeTasuta (Hamp., Ag/AgCl)
OKUCIUTENBHO-BOCCTAHOBUTENBHBIN : 3JIEKTPO/I, COCTOSAIIMNA U3 MHEPTHOTO MaTepuaia (Hamp.,
Pt), morpy>xeHHOTO B pacTBOp, COJEPKAIINI OKUCICHHYIO U BOCCTAHOBJICHHYIO (DOPMBI Bellle-
CTBa

["a30BBIi1 : 3JIEKTPOA, COCTOSIIMI U3 UHEPTHOTO MAaTepraja, OMbBIBAEMOIO Fa30M U MTOTPYKEHHO-
r'0 B pacTBOP, COJEpKAIIUI MOHBI 3TOT0 ra3a (Harmp., BOJAOPOIHBINA JIEKTPO/)

3ananue 9. YcTaHOBHTE COOTBETCTBHE MEXK/1Y 3aKOHOM/YPaBHEeHHeM U ero (popMy.JIupoB-
KOii/Ha3HAYEHUEM:

3akoH ['ecca : TernoBoil 3¢ ekt peakuy 3aBUCUT TOJIBKO OT HAYAJILHOTO U KOHEYHOT'O COCTOSI-
HUS CHCTEMBI M HE 3aBUCHT OT ITyTH ITpoIecca

3akon Kupxroda : onuceiBaeT 3aBUCUMOCTb TEIIIOBOTO 3(peKTa peakluu OT TEMIEpaTyphl
VYpaBHeHne AppeHnyca : ONMCHIBACT 3aBUCHMOCTh KOHCTAHTBI CKOPOCTH PEAKIMH OT TeMIIepa-

TypbI
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3akon dapajes : Macca BENIECTBA, BBIICIMBIIETOCS Ha 3JIEKTPOJIE, TPONOPIIMOHATbHA KOJIUYe-
CTBY IPOITYIIEHHOTO 3JIEKTPUYECTBA

3ananue 10. YcraHoBUTe NPABUJILHYIO NOCJI€10BATEILHOCTD /IefiCTBUI PU NMOTEHIUO-
MeTpuueckoMm omnpenejednun pH pacrBopa.

: KamubpoBka pH-meTpa no cranaapTHbiM Oy(epHbIM pacTBOpam

: [TpoMbIBKa 3JI€KTpOIa TUCTUIUIMPOBAHHOMN BOJOM

: [Torpy>xeHrne KOMOMHUPOBAHHOTO CTEKJISTHHOTO AJIEKTPO/Ia B UCCIIETyEMbIH pacTBOP

: YcTaHOBIIEHHE PaBHOBECHOTO 3HAYCHHUSI IIOTESHIIMATIA

: Cusarue nokazanus pH ¢ nucrnes npudopa

WD W W N —

11. PacnoJsio:kuTe pacTBOpPHI B MOPSI/IKE BO3PACTAHUSI OCMOTHYECKOT0 IaBJICHUSI IPH O/TU-
HAKOBO# TeMmnepaTtype (KOHLEHTpauum Bcex pacteopos ~0.1 M).

1 : PactBop o031 CgH120s.

2 : PactBop xsopuaa Hatpusi NaCl.

3 : PactBop xmopuaa kanbius CaCls,.

3ananue 12. PaccunraiiTe u3MeHeHUe CTAHAAPTHOM Heprumn ['m606ca (AG°298) JUISI peak-
nuu 2NO(r) + Oz(r) 2 2NO, (1), eciiu U3BeCTHBI cTaHAApPTHBIE YHepruu ['u66ca o6pa3zoBa-
nus: AG°f(NO(r)) = +86.6 k/I:x/Moab, AGf(NO,(r)) = +51.3 kIx/M0JIb.

(OtBer THna: -25.6)

Oteer: -70.6.

3ananue 13. BappanTHOCTH PABHOBECHOH TEPMOAMHAMUYECKON CHCTEMBbI — 3TO .
OtBeT: cTEneHb CBOOOIBI.

3aganue 14. YueHuk Ha ypoke xumuu cnpamusbaet: «[louemy ckopocTh pepMeHTATUBHOM
peaKnMu nepecTaer pacTH NMocje JOCTHKeHUs ONpeleIeHHOM KOHIEHTPaluy cy0dcrpara,
JaKe ecJIM MbI IPOJ0JIKAaeM ero 100aBiasATh?» Kak Bbl, Kak yuuTeib, 00bsICHUTE 3TOT (e-
HOMEH, HCI0/Ib3Ys 3HAHMA U3 PU3NYEeCKOH XUMHUH?

OtBet: Bece akTUBHBIE HeHTPBI epMEHTA OKa3bIBAIOTCH 3aHATHIMU MOJIEKYJIAMH Cy0-
CTPaTa, ¥ CKOPOCTh PEaKUHU JOCTUraeT CBOEro MaAaKCUMAJIbHOI0 3HAYEeHUs1, OTPAHNYNBA-
fICh KOJIM4eCTBOM (epMeHTA.

3aganue 15. Onummure, KaK U MOYeMy 0CMOTHYECKOe JaBJIeHHE BJIMSET HA JKU3HeAesATe Ib-

HOCTH OMOJIOTMYECKHX KJIETOK (HAlIpUMep, PACTUTEJbHBIX W 3puTpouuToB). [IpuBenure
npuMepsbl.

OtBer: OcMOTHYECKOE JIaBJICHUE SBISETCA KIIOUEBBIM (PaKTOPOM Ul MOAJEpKaHHUs Typropa
(ympyroctu) KiaeTok. BHYTpH KJIETKH COIAEp)KUTCSl pacTBOpP pazIUYHbBIX BelIecTB (cojeil, caxa-
poB, O6enkoB). Eciam kineTky moMecTuTh B cpeay ¢ 0osiee BHICOKUM OCMOTHYECKUM JaBlIEHHUEM
(TMEepPTOHUYECKHM pacTBOp, HaIpUMEpP, KOHIIEHTPUPOBAHHBIN pacTBOp coin), Boja OyneT BbI-
XOJMTh U3 KJIETKU Yepe3 MOITyIPOHHUIIaeMYI0 MeMOpaHy MO HalpaBJIEHUIO B Cpedy. DTO MpHBe-
JIeT K TOoTepe Typropa u HapyleHuIo Metadonu3ma. Hanmpumep, npu 3acoieHUU MOYB PACTEHUS
BAHYT. Y1 HA000pOT, €ClK KIIETKY MOMECTUTh B Cpely C HU3KUM OCMOTHUYECKUM JaBJICHUEM (TH-
MOTOHUYECKUI pacTBOp, HAIpUMEp, AUCTUIUIMPOBAHHASA BOJIA), BoJa OyAeT MOCTYNaTh B KIETKY.
OTO MOXKET NMpHUBECTH K HaOyXaHHIO U JaKe pa3pbiBy KJIETKH, YTO HAOIIOAAeTCs MPH MOMelle-
HUU SPUTPOLIUTOB B YMUCTYIO BOAy. [loaTOMy uis HOpMaJIbHOIO (PYHKIMOHUPOBAHUS KIIETOK
Ba)KHa M30TOHUYECKAs Cpela, 1€ OCMOTUYECKOE J1aBJIEHUE BHYTPH M CHAPYKU KIETKU OJMHA-
KOBO.
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7 MIEPEYEHh HH®OPMAIIMOHHBIX TEXHOJOI' Ui, UCOJIb3YEMBbIX
B NIPOINECCE OBYYEHUA

HNudopmManmoHHbIe TEXHOJOIHU— 00yUCHHUE B JIEKTPOHHOM 00pa30BaTEIIbHON Cpelie C
[0 PACIIUPEHUS OCTyNa K 00pa3oBaTENBHBIM pecypcaM, yBEIWYSHHUS KOHTAKTHOTO B3au-
MOJICHCTBUS C MpernojaBaTesieM, IOCTPOCHUS UHIUBUIYAJIbHBIX TPAEKTOPUM MOArOTOBKH, 00B-
E€KTHUBHOTO KOHTPOJISi U MOHUTOPUHIA 3HAHUN CTY/ICHTOB.

B oGpazoBarensHOM mpoliecce Mo JUCIUILUIMHE UCIIONB3YIOTCS CleAytolne nHpopMalu-
OHHBIE  TEXHOJIOTWH, SIBISIONIMECS  KOMIIOHEHTAMH  DJEKTPOHHOW  HMH(OpPMAIMOHHO-
obpazoBarenbHol cpenbl BITIY:

e Cucrema amekrponHoro ooyuenus ®I'bOY BO «bI'TIY »;

e (Cucrema TECTUPOBAHHUS HAa OCHOBE eaMHOro mnopraina «MHTepHeT-TecTUpOBaHUS B
chepe oOpazoBaHHUST WWW.i-exam.ruy;

® DJEKTPOHHBIE OMOTUOTEUHBIEC CHCTEMBI;

e MynpTUMEIUIHOE COTPOBOXKICHUE JIEKIIMI U TPAKTHUECKUX 3aHSATHUH.

8 OCOBEHHOCTU U3YYEHUA JUCHUIITIMHBI UHBAJIMJAMMU U JIMINAMU
C O'PAHUYEHHBIMH BO3MOKHOCTAMMU 310POBbSA

HpI/I O6y‘~ICHI/II/I JiL ¢ OTrpaHUYCHHBIMHA BO3MOKHOCTSAMU 340POBBA IMPUMCHAKOTCA aaarl-
TUBHBIC 00Pa30BaTEIIbHBIC TEXHOJIOTUU B COOTBETCTBHHU C YCIOBHSIMH, U3JIOKCHHBIMH B pasjieie
«OCOoOEHHOCTH peanu3alui 00pa30BaTeIbHON MPOrpaMMBLIJIS UHBAIWIOB U JIUI] C OTPaHUYEH-
HBIMH BO3MO>KHOCTSIMH 3JI0OPOBbS» OCHOBHOM 0Opa30BaTEIbLHOW MPOrpaMMbl (MCIOJIb30BaHUE
CliCuaJIbHBIX y‘~I€6HI)IX HOCO6I/II>JI U IUAAKTUYCCKHUX MATCpHUaIOB, CIICHHUAJIBHBIX TCXHHYCCKUX
CpeACTB OOYYCHHUsI KOJUIEKTUBHOTO M WHIUBUIYAILHOTO IOJIb30BaHUS, MPEIOCTABICHUE YCIYT
accucTeHTa (IMMOMOIIHHMKA), OKa3bIBAIOIIETO OO0YYaIOIMIMMCS HEOOXOAMMYI0 TEXHHUYECKYIO IIO-
MOIIb H T. I1.) C Y4ETOM UHIAMBHLYaJTbHBIX 0COOCHHOCTEH 00yYarOIIMXCSl.

9 CIUCOK JIUTEPATYPbBI U UTHO®OPMALIMOHHBIX PECYPCOB

9.1 JIntepatypa
OcHoBHas1 1uTEpaTypa

1. l'opuikos, B. U. OcHoBel pusnueckoit xumuu / B.U. T'opmikos, Y. A. Ky3nenos. — M.:
bunowm. Jlaboparopus 3nanuii, 2006. — 407 c. (34 3x3.)

2. Mamackus, b. b. Onextpoxumus / b. b. lamackun, O. A. Ilerpuii, I'. A. Lupauna. —
CI16.: u3a-Bo Jlanp, 2015. — 672 c. (10 7k3.)

3. 3agaun no gusnueckoit xumuu / B. B. Epemun, C. . Kapnos, 1. A. Ycnenckas, H. E.
Ky3bmenko, B. B. JIyaun. — M.: U3n-Bo «Ox3amen», 2003. — 320 c. (57 3k3.)

4. ITpaktuyeckue padotsl no ¢puzndeckoit xumuu / Iog pex. K. I1. Mumenko, A. A.
PaBnens, A. M. IlonomapeBoii. — M.: U3a-Bo «IIpodeccusi», 2002. — 384c¢. (43 3x3.)

5. Ctpombepr, A. I'. ®usugeckas xumus / A. I'. Ctpombepr, . I1. Cemuenko; moxa pe.
A.T. Ctpom0Gepra. — M.: Beicmias mkomna, 1999. — 527 ¢. (14 3x3.)

6. ®usuueckas xumus: B 2 ku. Ctpoenue BemectBa. Tepmoannamuka / K. C. KpacHoB,
H. K. Bopo6se, U. H. I'ogues u ap.; nox pen. K. C. Kpacunosa. — M.: Beictias mkomna, 2001. —
Ku.1.-319c. (23 7k3.)

JonmosiHuTEIbHAS JIUTEPATYPaA

1. bane3un, C.A. OcHoBbl ¢pu3nveckoil u kommouaHoil xumuu / C.A. banesun. — M. :
[Ipoceemenne, 1975. — 398 c. (13 7k3.)

2. bane3un, C.A. Ilpaktuky™m no ¢usndeckoil u komnonaHoi xumun / C.A. banesun. —
M. : TIlpocBemenue, 1980. — 272 c. (21 3k3.)

3. Unmnonutos, E. I'. ®usnveckas xumus / E. I'. Unnmonuros, A. B. Apremos, B. B. ba-
TpakoB. — M.: M3naTenbckuii eHTp «Axagemus», 2005. — 447 c. (24 7x3.)

4. Konecuukoga, JI. I'. OcHOBBI xuMudeckoil TepMoanHaMuku: Kypc aekmuii / JI. T'. Ko-
necHukoBa. — binarosemenck: U3a-so BI'TIY, 2008. — 211 c. (16 3k3.)

5. MsruenkoB, B.A. [ToBepXHOCTHBIC SIBJICHHS U TUCIIEPCHBIE CUCTEMBI : y4e0. mocodue
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IU1s CTy . By30B / B.A. Msruenkos. - 2-¢ uzg., nepepad. — M. : KonocC, 2010. — 184, [3] c. : um.
(5 93K3.)

6. IIpakTukyM W 3aJa4HUK MO KOJUIOMJHOW XUMHH. [IOBEpXHOCTHBIC SBICHHUS U AMC-
MIEPCHBIE CHCTEeMEI : y4e0. mocobue s cTya. By3oB / B.B. Hazaposa [u np.] ; mox pea. B.H.
Hazaposa, A.C. I'poackoro. — M. : Akagemknaura, 2007. — 372 c. : ui. (5 7k3.)

9.2 ba3bl JaHHBIX 1 HHPOPMALHMOHHO-CIIPABOYHBIE CHCTEMbI

1. Caiir o xumun http://www.xumuk.ru/

2. Karasor o0pa3oBaTeabHbIX HHTEpHET-pecypcoB http://www.edu.ru

3. [lomynsipHas 6MbIMOTEKa XUMHUYECKHUX AJIEMEHTOB
https://web.archive.org/web/20161021151915/http://n-t.ru/ri/ps/

4. DnexTpoHHas 6ubnmoreka mo xumuu MI'Y http://www.chem.msu.su/rus/elibrary/

9.3 DJ1eKTPOHHO-0UOIHOTEeYHbIE pecypChl

1. Polpred.com O630p CMU/Cnpasounuxk http:// polpred.com/news.

2. OBC «lOpaiit» https://urait.ru/.

10 MATEPUAJIBHO-TEXHUYECKAS BA3A

Jljig ipoBeieHus 3aHATUIN JIEKIUOHHOTO M CEMMHAPCKOTO THIA, TPYNIIOBBIX U UHIUBUIY-
QIBHBIX KOHCYJIbTAllMH, TEKYLIEro KOHTPOJS U IPOMEXKYTOUHOW aTTeCTallMM HCHOJb3YHOTCS
ayIUTOPHUU, OCHANIEHHBIE Y4eOHOH MeOEenblo, ayIUTOPHOH IOCKOH, KOMIBIOTEpOM(pamu) ¢
YCTAHOBJICHHBIM JIMLIEH3MOHHBIM CIIEUATN3UPOBAHHBIM [IPOrPAMMHBIM O0OeCIedeHneM, KOMMY-
TATOPOM JIJISl BBIXOJ[A B 3JIEKTPOHHO-OMOIMOTEYHYIO CHCTEMY U DJIEKTPOHHYIO HH(OPMAIIHOHHO-
oOpasoBatenbHyto cpeny BITIY, MynbTUMeTUHHBIME POEKTOPAMHU, 3KCIIO3UIIMOHHBIMU 3Kpa-
HaMH, y4eOHO-HaIJIAIHBIMU [TOCOOUSMU (Ta0JIMLbI, MyJIbTUMEUIHBIE TIpe3eHTanuun). s npo-
BE/ICHUS NPAKTHUECKUX 3aHATUH Takke ucnoib3yercs: Jlaboparopus (uzmyeckoil XuMMuH,
OCHAILIEHHAs CIEAYIOLUM 000py10BaHUEM:

» KomruiexT ayiuTopHoit Mebenu

o ITronutp (1 wrT.)

e AynutopHas gocka (1 mr.)

» KomnpioTep ¢ yCTaHOBIEHHBIM JINLEH3UOHHBIM CHEUAIN3UPOBAHHBIM ITPOTrPAMMHBIM
obecrnieueHueM (3 mit.)

e MynbTUMEIUINHBIN IPOEKTOP

» Ilpunrep (2 mr.)

* DKCNO3ULIMOHHBIN 3KpaH (HaBecHOM) (1 miT.)

o SIMP-cnextpomerp Hu3Koro paspemenus «Crud Tpak» (1 mT.)

e AxBamuctuuisitop J3-10 (1 mT.)

» Becost GF-300 (1 mr.)

» Becsl Topcuonnsie BT-100 (1 mT.)

e Bucko3zumerp (4 mrT.)

» Honomep (3 mrt.)

o Konaykromerp annon-4120 (3 mr.)

o K®K-2 (1 mr.)

o Jlrokcmerp (1 mt.)

e Memanka marautHas [1-3-6100 (2 mt.)

* Moaynb «TepMmuueckuii ananus» (3 mr.)

e Mopyns «TepmocTtat» (3 mmiT.)

* Monaynpe «YHHUBEpCAIbHBINA KOHTPOILIEP» (3 1IT.)

* Monaynb «2nekTpoxumus» (3 mrT.)

* Monaynp yHuBepcanbHbIi (6 1IT.)

» Hab6op cut KII-131(1 mr.)

o IMonspumerp (1 mr.)

o Ilorentmomerp (1 mt.)

» llentpudyra nadoparopuas OIIH-8 (c poropom) (1 mit.)


http://www.xumuk.ru/
http://www.edu.ru/
https://web.archive.org/web/20161021151915/http:/n-t.ru/ri/ps/
http://www.chem.msu.su/rus/elibrary/
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o IlltatuB ams 31eKTPo10B (2 mIT.)

» DOkcukaTop ¢ kpaHoM (1 mT.)

e Moayns «Ob6menadopaTopHbIii» (1 mmiT.)

» Cnexrpodortomerp (1 mT.)

e Cnekrpodporomerp KOK-3KM (1 mT.)

o KowmmiexT apuomerpos (1 mit.)

e Merponowm (1 mit.)

e MocT peoxopIHbIii € COCYI0M

e Tepmocrar TC-1/80 CITY (1 mT.)

e IltaTuBeI 11 TPOOUPOK, HATPEBATEIILHBIE PUOOPHI, JIA0OpATOPHAs MOCY1a

e  XHWMHYECKHE PEAKTUBBI [0 TEMATUKE JTA0OPATOPHBIX padbOT

e Y4eOHO-HarIISTHBIC TOCOOUS - CITANIbI, TAOIUIIBI, MYJIbTUMEANIHBIE MPE3CHTAIIUH TI0
TcIUUIHHE «DU3UYecKas XuMus»

Ayn. 118 «A». Jlabopatopusi ecTeCTBEHHO-HAy4YHON HaNpaBICHHOCTH MEIaroru4eckoro
texHonapka «Ksantopuym-28» um. C.B. Jlankuna

» KommuiekT ayautopHoit mebenu

o Jlocka l-3nemMeHTHas MenoBas MarHUTHas

e Crou MpUCTEHHBIN XUMUYECKHii (3 mT.)

» Hoyt0yk (4 wrt.)

e MO®Y npunrep

* Anmnapar Kunmna (2 mr.)

e Crepunuzarop /Ui 1a60paTOpHOI MOCY bl BO3AYIIHBIH (1 mIT.)

» JlabopaTopHoe o0opyaoBaHue 1O XUMHH (6 IIIT.)

e MarnutHas Memanka (1 mr.)

« I[udposas nadopatopus mo xumuu «Releony (6 mT.)

 Iudposas nadoparopus no pusmke «Releony (6 mr.)

e I[udposas nadbopatopus no ouosoruu «Releony (6 mr.)

* YyeOHO-uccneaoBaTenbCcKas 1abopaTopusi OMOCUTHATIOB M HEHPOTEXHOIOTHA (6 1IIT.)

* VYueGHas 1abopaTopus TOUHBIX U3MepeHui (6 1IT.)

* Mukpockon y4eOHbIi «IBpHKa» (6 1IT.)

CamocrosiTenbHast paboTa CTYJIEHTOB OPraHU3yeTCsl B ayJTUTOPUSAX OCHAILIEHHBIX KOMIIb-
IOTEPHOM TEXHUKOW C BBIXOJIOM B 3JIEKTPOHHYIO MH()OPMAIIMOHHO-00pa30BaTEIbHYIO CPEy BY-
3a, B CIELIMAIM3UPOBAHHBIX JJAOOPATOPUSIX 10 AUCLUILIMHE, a TAKXKE B 3a1aX JOCTyNa B JOKaJb-
Hyto ceTb BI'TIY, B maGopaTtopuu ncuxonoro-negaroruueckux UCCie0BaHuil u ap.

Hcnons3zyemoe mporpammuoe obdecrniedenne: MicroSoft® WINEDUperDVC AllLng Up-
grade/SoftwareAssurancePack Academic OLV 1License LevelE Platform 1Year; Mi-
crosoft®OfficeProPlusEducation AllLng License/SoftwareAssurancePack Academic OLV
1License LevelE Platform 1Year; Dr.Web Security Suite; Java Runtime Environment; Calculate
Linux.

Pa3zpaborumk: Pognonosa H.A., kaHau1aT XUMUYECKUX HAYK, TOIEHT Kadeapbl XUMHH.
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11 JIMCT UBSMEHEHHUH U JOITOJTHEHUM

YrBepxaenue nusmenenuid u gonoqaHenuii B PII/I nas peanuzauuu B 2025/2026 yu. r.

Pabouas mporpaMma JUCHMIUIMHBEI IEpECMOTPEHa, 00CyXk/IeHa U 0A00peHa sl peaiun3a-
uu B 2025/2026 yuebHOM roay Ha 3acenanun kadeapsl (mporokona Ne 6 ot 26 mapra 2025 1.). B
PIIJI BHECEHBI CaEAYIOIIME U3MEHEHHS U TOTIOJHEHHUS :

Ne uzmenenus: 1
Ne cTpanuIbl ¢ HU3MEHEHUEM:

Bxiirounts:

HUcknrounTs:




